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NOTE BY THE AMERICAN EDITOR. 



Perhaps the greatest difficulty to be enoountered in the getting 
up of an elementary work upon Chemistry, at the present day, is 
not what to put in, but what to leave out. The inde&tigable 
industry of chemists has resulted in the accumulation of such a 
▼ast mass of knowledge, such a formidable array of isolated facta, 
that the author of an elementary work like this, is indeed greatly 
perplexed to select that which is most appropriate. The editor, 
even in the preparation of the Supplement to this work, has en- 
countered this difficulty in all of its significance. With such a 
work before him as the twelve large, closely-printed volumes of 
Omelin ; with ponderous folios upon physiological and pathological 
chemistry, and volumes upon this science in its relations to agricul- 
ture, technology, ahd to the growth, products, changes, and decay 
of animals and plants in general, how is matter to be selected and 
methodically arranged, suitable to a small work upon the compre- 
hensive subject of Organic Chemistry in general? None but a 
chemist can, perhaps, comprehend the difficulty of the task, not only 
of selecting the most appropriate matter, but of arranging it in 
scientific order. 

Even now the profoundest chemical philosophers of the age are 
contending for two theories respecting chemical combination, which 
are not at all similar to each other, — proving conclusively that 
we are yet ignorant of the true manner in which organic mole- 
cules are arranged. For instance, such well-known substances as 
ether and alcohol are still the subject of able controversy between 
the most experienced chemists of the age — Liebig and Berzelius on 
the one side, and Dumas and BouUay on the other. According to 
the latter, ether is a compound of etherine and water sCi H4, A<y 
while alcohol is one eq. of etherine and two of water = C4 H4, 2 Aq. 
The former contend that ether is formed of the radical Ethyle 
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(C4 Hft) and O, being the oxide of ethyle ; and that alcohol is the 
hydrated oxide of ethyle = C4 H^, O, Aq. It is not probable that 
water, as such, exists in either alcohol or ether, and that they are 
not hydrates, or they would yield this water to quicklime or to 
baryta, which is not the case. Nor is either converted into al- 
cohol by solution in water. Thus we perceive that the chemical 
world is divided into two parties, one of which accounts for organic 
combinations upon the Radical Theory, while the other, with 
equal ability, adopts the Nbucleus Theory. 

If we are not yet cognisant of the rational formula of a compoundi 
then we are not prepared to place it in its nndeviating position in a 
scientific arrangement of organic compounds. With these consid- 
erations uppermost in our mind, we have discarded the idea we at 
first conceived, of attempting a scientific arrangement of the sub- 
stances we have presented in the Supplement. This can best be 
done after it shall be settled whether the Radical or the Neucleus 
Theory be the correct one, or whether the true one may not prove 
to be an intermediate one between the two. 

Professor Gregory has attempted a methodical and scientific ar- 
rangement of the products and theories of Organic Chemistry in the 
work we present to the student, and perhaps his arrangement is as 
scientific an exposition of the doctrines of the science as it is possi- 
ble to adduce in its present state. The arrangement is as unexcep- 
tionable as any that is before the public, and if the Radical Theory 
be the true one, is decidedly the best in existence. The day, we 
think, is rapidly approaching when we shall be enabled to place the 
many facts in chemistry in their proper places. The discoveries of 
the homologous series of bodies, when still further perfected, will 
enable us, perhaps, to give the vast mass of chemical facts so lately 
discovered, ^ a local habitation and a name ;'* to arrange them in such 
a correlated series as will accord with the great scheme of the Creator 
in the building up of the thousands of organic forms, and their 
products, so prolifically strewn about us. 

The hope is strong within us, that even the next edition of this 
▼olome — so rapid is the progress of chemistry — ^may contain the 
groundwork of the great desideratum sought for among chemists, 
▼iz. : that of precision and perfection in the arrangement of the 
enormous mass of chemical &cts now accumulated upon our handa. 
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In conclusion, the editor would remark, that it is his regret that 
space was not allowed him for the insertion of much matter equally 
important as that given. But were the space granted^ commen- 
surate with the importance and number of the new facts discx)vered 
of late, through the indefatigable labors of the host of American and 
European (Chemists, this volume would have increased to several 
times its present size, without further contributing to the thorough 
comprehension of the elements of Organic Chemistry. Still, al- 
though not able to present all the interesting facts connected with our 
subject, the student will find that the latest discoveries are not 
passed over without notice, although they are necessarily condensed 
as much as would be consistent with a thorough comprehension of 
them. A brief notice of several non-crystal lisable salts was intro- 
duced in the former edition of this work by the editor. These salts 
are allowed to remain in this edition, although they really belong 
to that class of empirical preparations the analogue of which will be 
found in the ^ Citrate of quinine and iron," so extensively used by 
the medical profession. Although not really true salts, still they 
are valuable and elegant combinations, and consequently are still 
retained. 

Ksw York, October, 1866. 
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INTRODUCTORY. 

Oroanio Chbmibtrt is so called because it treats of the sub- 
stances which form the structure of organized beings, and of their 
products, whether animal or vegetable. It has long been known, 
that all organized structures, as well as all the substances formed 
in or by these, are, in great part, composed of a very limited 
number of elements ; insomuch that a large proportion of them 
may be described as consisting, almost exclusively, of only four sim- 
ple substances, namely. Carbon, Hydrogen, Oxygen, and Nitrogeb. 

But while these four elements undoubtedly constitute the chief 
part of all organized tissues, and while such products as woody 
fibre, sugar, starch, gum, fat, oils, and many organic acids, contain 
only the first three, that is, carbon, hydrogen, and oxygen, we 
must not forget that other elements occur in the organized king- 
doms of nature ; some of thenu such as those of Phosphate of 
Lime, in large quantity ; and alC whether they occur in smaller or 
greater proportion, as truly essential to animal and vegetable life, 
88 Uie four elements above mentioned, the predominance of which 
characterizes the organic world. 

Thus, no plant can grow, or form cells, or even fibre, without 
the presence of certain mineral or saline compounds, which are 
derived from the soil, and which when the plant is burned, consti- 
tute its ashes. These are, potash, sode, lime, magnesia, with 
occasionally oxides of iron and manganese, as bases ; and silicic 
acid, phosphoric acid, sulphuric acid, chlorine, fluorine, and iodine, 
as acids and acid -radicals. 

Again, the juices of all plants, and more especially their roots 
and seeds, contain some one or more of the compounds known by 
the names of albumen, fibrine, and caseine. Now these compounds . 
contain small, but absolutely essential proportions of sulphur and 
phosphorus, besides earthy and alcaline phosphates. 

Lastly, the bones of anunals contain not only phosphate of lime, 
but also phosphate of magnesia and fluoride of calcium, both in 
very considerable quantity ; and iron is an unfailing constituent of 
blood. 

To the four elements first mentioned, as constituting the chief 
mass of organic substances, we must therefore add, as no leas 
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essential, although for the most part in smaller propoition, the fol- 
lowing metalloids — Chlorine, Fluorine, Sulphur, Phosphorus, and 
Silicon ; and the following metals — Potassium, Sodium, Calcium, 
Magnesium, Iron, and occasionally Manganese. 

It thus appears that the fourteen or fifteen elements which con- 
stitute the coief mass of the min^al or inDrganic world, are almost 
the same which occur in ors^anized matter : the difference being 
chiefly this, that in inorganic nature the predominant elements, 
nearly in the order of their abundance, are Oxygen, Hydrogen, 
Nitrogen, Silicon, Chlorine, Sodium, Aluminum, Carbon, and Iron ; 
after which follow Potassium, Calcium, Magnesium, Sulphur, Phos- 
phorus, and Fluorine : while in the organic department the order 
18 nearly as follows — Carbon, Oxygen, Hydrogen, Nitrogen, Pot- 
assium, Calcium, Phosphorus, ^licon, Sulphur, Sodium, Ma^e- 
sium. Chlorine, Iron, and Fluorine. Aluminum, so very abun- 
dant in the mineral kingdom, hardly ever occurs in organic 
compounds, and when it does occur, is perhaps accidental. 

The above considerations are sufficient to snow, that there is no 
essential distinction to be made between organic and inorganio 
chemistry, founded on the nature of the elements concerned. 

Neither is there any such distinction to be pointed out in regard 
to the laws of combmation and decomposition which prevail in 
these different departments of chemistry; for we find the same 
affinities operating ; and although organized tissues, and their 
products, have, in general, a more complicated constitution than 
inorganic compounds, containing a larger number of equivalents 
of weir elements, and consequently having much higher atomic 
weights, we cannot consider such characters as formmg a valid 
ground of distinction. 

But while we should find it very difficult, if not impossible, to 
draw the line between inorganic and organic chemistry on scien- 
tific princi[>les, we may still recognize, for convenience' sake, a 
certam distinction, founded, first, on the origin of substances, 
whether animal and vegetable, or mineral ; and secondly, on the 
uniform predominance of carbon in animal and vegetable matter. 

In reference to the first point, it is to be observed, that, although 
the elements concerned are those common to the inorganic and 
organic kingdoms, the compounds which constitute the latter are 
formed under peculiar circumstances, such as, for the most part, 
cannot be imitated in our experiments. 

It is true that chemistry has succeeded, in some cases, in form- 
ing artificially certain compounds which occur as products of 
organic life, such as urea, formic acid, and oil of spiraea. But, in 
the first place, most, if not all of these, require for their produc- 
tion the aid of an organic product : thus, formic acid is produced 
&om starch, oil of spiraea from salicine ; and although urea may 
be obtained from cyanic acid and ammonia, it is doubtful if either 
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cjaaogen or ammonia ean be obtained except from organic com* 
poonds, directly or indirecUy. Secondly, it is particularly to be 
noticed, tbat we hare not yet succeeded in forming, artificially^ 
either an organized tissue, or eren any one of the compounds 
(albumen, ^c.) of which such tissues are made. Those or^nio 
compounds which have been artificially formed, are invanably 
produdB of deeompofUum, or, in other words, the excretions or 
secretions of organized bodies : and are &r less complex in th^ 
constitution than organized structures. 

From these facts we draw the conclusion, that certain circum- 
stances, of which the most important is the viUd force, so modify 
the play of affinities in organized beings, as to produce the com* 
pounds usually termed oi^ganic, which, so £Eur as they are capable 
of entering into the composition of tissues, cannot be imitated 
by art 

In regard to the second peculiarity of organic compoundSy 
namely, the predominance of carbon in their composition, we ob- 
serve that, as this carbon is united to the three gases, oxygen, 
hydrogen, and nitrogen, with each of which it forms gaseous com- 
pounds, and as, furSier, the latter elements, among themselves, 
form compounds, such as water and ammonia, which are also vol- ■ 
atile, so the action of heat on organic compounds is charaoteristie ; 
producing combusiion of all, save the asnes, when there is free 
access of air ; and charring them, or, in other words, causing the 
separation of part of their carbon, in close vessels, while the 
greater part is dissipated in the form of volatile products. 

Here, then, we have a ready test of organic matter, which is so ' 
characteristio, that we might almost define organic chemistry as 
the chemistry of such compounds as are charred when heated to 
redness in close vessels. There are very few substances, indeed, 
of organic origin, which do not exhibit tnis character. 

Organic chemistry has been defined as the chemisti^ of com- 
pound radicals ; but, although we must admit the existence of 
manjr such radicals in organic chemistry, we cannot adopt th» 
definition in contradistinction to that of inorganic chemistry, as 
the chemistry of simple radicals, because the recent progress of 
science has led, or almost compelled us to admit the existence of 
compound radicals in inorganic chemistry, as has been explained 
in the first part of this wora. 

It is, perhaps, worth while to pomt out, that all the organic com- 
pound radicals hitherto established, or supposed to exist, are com- 
pounds of carbon, if we except amidogen (see p. 86), which 
contains only hydrogen and nitrogen. 

It is also proper here to state, that, under the name of organic 
compounds, many substances are treated of which do not occur in 
nature, but which have been obtained by subjecting true organic 
ptoducts to various influences : to that, for example, of beat, as ia 
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what is called the destructiye distillation, which yields such sub 
stances as naphtha, naphthaline, dec. ; or to the action of chlorine 
or bromine, of sulphuric or nitric acids, of alcalies, ^c, by all 
which means whole series of new compounds are obtained. Lastly, 
some Yery interesting and important compounds are included under 
thie term organic, which arise from the addition of elements not 
naturally occurring in the organic kingdom ; as for example, caco- 
dyle and its compounds, which contain arsenic as an essential con- 
stituent ; and the very singular bases in which platinum is added 
to some of the usual elements of organic alcalies. 

But while, as has just been stated, compound radicals are not 
exclusively characteristic of organic chemistry, we may still derive 
great assistance from attending to the compound radicals of organic 
chemistry. For while we admit the existence of such radicals in 
inorganic chemistry, along with simple radicals, we must bear in 
inind that all the organic radicals as yet discovered are compound, 
and many of them exceedingly complex, containing three or four 
elements. 

It is true that we are not yet acquainted with the radicals of a 
very large proportion of organic compounds ; such as the princi- 
pal orraiic acids, the organic alcalies, &c. But the known organic 
radicals furnish us with the means of classifying many most im- 
portant substances, just as we classify the compounds of any 
metalloid or of any metal together. As to those groups or series 
of organic compounds, the radicals of which are not yet known, 
we can only class them according to analogies of properties, of 
oomposition, or of both. 

With these introductory remarks, we shall proceed to consider 
the known organic compound radicals, and their derivatives. 

Compound Oboanio Radicals. 

A compound radical is a substance which, althoufi;h containing 
two or more elements, enters into combination with elementary 
bodies as if it were itself elementary, and in ordinary circum* 
stances performs exactly the part of an element. 

In the first part of* this work, we have already admitted as pro- 
bable the existence of inorganic compound radicals, such as SO4, 
the radical of sulphuric acid, and N O0, that of nitric acid. These 
bodies are, in their relations to others, entirely analogous to chlo- 
rine. Thus we may represent the acids of these three radicals, 
with their potassium and silver sidts, as follows : 



'Radicals 



Chlorine 



( Chlori] 
I SO4 
i NO* 



Add. 



H + Cl 
H + SO4 
H + NO< 



PoUMtiun SaIU 



K 
K 
K 



CI 

SO4 

N0« 



8UTtr8*lt 



Ag + Cl 

Ag+S04 

Ag4-N0» 
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The componnd inorganic radicals, SO4 andNOe, therefore, 
perform exactly the part of a metalloid of the CTOup of chlorine. 

But there have also been briefly mentionea, in the First Part, 
certain compound organic radicals, which not only exhibit, in 
their relations, characters analogous to those of chlorine, but ac- 
tually exist, like chlorine, in the separate state, which is not the 
case with SO4 and NO 8, these latter being only known in com- 
bination. 

The organic radicals here alluded to are cyanogen, Ca N = Cy 
and mellone Ca N4 =Me (see Part I., p. 140). They may be 
oomj)ared to chlorine exactly like the two above-mentioned inor- 
game compound radicals. Thus, 



CChlorine CI 
Radicals <CyanogenCy 
(Mellone Me 


AOd, 


Potaagiam Salt 


SiWer Salt 


H + Cl 
H + Cy 
H + Me 


K+Cl 
K + Cv 
K + Me 


Ag + Cl 

Ag+Cv 

Ag+tfe 



Cyanogen and mellone are, therefore, radicals of the nature of 
the chlonne group of metalloids. The bisulphide of cyanogen, 
or sulphocyanogen, Ca N Sa = Cy Sa , although it contams three 
elements, plays the samepart as chlorine or cyanogen, and forms 
with hydbrogen the acid H+ Cy Sa, with potassium the salt K + 
Cy Sfl , and with silver the salt Ag -j~ Cy Sa . 

Some compound organic radicaJs appear more analogous to the 
combustible group of metalloids, that is, to carbon, sulphur, or 
phosphorus ; masmuch as they form acids with oxygen, or rather 
with the elements of water like those metalloids, and are besides 
capable of entering into combination with chlorine, iodine, d?c 
Such radicals are carbonic oxide, C 0, or rather an isomeric mod- 
ification of it, Ca Oa; acetyle, C4 Ha; and formyle, Ca H. Each 
of these may be viewed as the radical of a powerful acid ; for 
Ca Oa + = Ca O3 is diT oxalic acid ; C4 Ha + O3 is dry acetic 
acid ; and Ca H -|- Oa is dry formic acid. Again, the first forms 
with chlorine the compound Ca Oa + Cla , called phosgene gas or 
chlorocarbonic acid, while the two others yield C4 Hs + CI, the 
chloride of acetyle, and Ca H+ CI 3, the perchloride of formyle. 

Further, there are organic compound radicals iihich play the 
part of metals, forming salts with chlorine, iodine, sulphur, cyan- 
ogen, ^c, and yielding, with oxygen, compounds possessing basic 
properties analogous to those of metallic oxides. Such radicals are 
eihyle, C4 Hs; methyle, Ca Ha; and cacodyle, C4 Ho Asa. 



EthyleC4H# = Ae 
MethvieCaHssMt 
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Lastly, there are some compound organic radicals, which par- 
take of die characters of the two last groups, forming, like the 
aoetyle group, acids and not bases with oxygen; but yielding, 
with chlorine, sulphur, cyanogen, Ac, compounds analogous to 
Uiose formed by the ethyle group. To this division belol^ ben- 
loyle, Ci« Hs Os = Bs ; dnnamyle, Cu Ha Oa = Ci ; and sey- 
eral others. Benzoyle and cinnamyle, with the addition of oxygen 
and the elements of water, produce benzoic acid, Bz O, HO, and 
cinnamic acid, Ci 0, H 0, This group is characterized by forming 
with hydrogen certain essential oils. Thus, benzoyle yields, with 
hydrogen, the essential oil of bitter almonds, Bz H ; cinnamyle 
yields the oil of cinnamon, Ci H ; and salicyle. Cm H5 O4 = Sa ; 
another radical of this group, forms, with hydrogen, the oil of 
apirsea, SaH. 

These brief statements will serve to show that there are different 
kinds of n-oups of compound radicals, just as there are of simple 
ones ; and further, that these compound radicals exhibit a very 
remarkable tendency to combine with simple radicals, and, in fact, 
to act the part of elementary bodies. And let us here bear in 
mind that tJie only real difference, in this point of view, between 
cyanogen and chlorine is this, that in the case of the former we 
can prove the radical to be conipound, while we cannot as yet do 
this m the case of the latter, cut, as formerly pointed out, we 
call chlorine, and indeed all other elements simple, only because 
we have not been able to show them to be compound ; without 
having any certainty that they are really and absolutely simple. 
If we could not resolve cyanogen into carbon and nitrogen, we 
should be compelled to add it to the list of elements. 

But although compound radicals usually act toward other bod- 
ies as if simple, and consequently combine generally with simple 
substances, they are also capable of uniting with each other. In 
&ct, this is but another proof of their close resemblance to ele- 
mentary bodies in their relation ; for as simple metals, such as 
potassium and silver, unite with cyanogen just as with chlorine, so 
also such compound radicals as are analogous to metals can 
combine with cyanogen, itself a compound radical. Thus ethyle, 
methyle, benzoyle, and cacodyle all combine with cyanogen, 
yielding compounds formed of two organic radicals, one playing 
the part of a metalloid, the other that of a metal. 

Compounds of this nature furnish the very best proof and 
illustration of the advantages which we derive from the doctrine 
of compound radicals, acting like elements, whenever we are jus- 
tified by facts in adopting and applying it. Thus a compound has 
been formed by the mutual action of a compound of cacodyle 
and a compound of cyanogen, the analysis of which proves that 
it contains carbon, hydrogen, nitrogen, and arsenic, in the relative 
proportiona indicated by the IbimoU Ct AtNAss. What riew 
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are we to lake of such a formula? and if we look on the compound 
as one formed of these four elements indiscriminately unitea, how 
are we to retain such an insolated fact in the memory ? But if, on 
the other hand, we view it as the cyanide of cacodyle, = C4 Ho 
Asa + Ca N, or, using the abbreviated notation appropriate to 
compound radicals, Kd Cy, we are at once enabled to retain the 
composition and chemical relations of the compound. Moreover, 
when we find that the radical, Kd (= C4 H0 Asa) exists in a sep- 
arate form, and that it forms, with oxys^en, two compounds, Ed 
and Kd Oa ; with chlorine, Kd CI ; with sulphur, Kd S ; and that, 
in short, it plays the part of a metal in all its compounds, and may 
in fact be separated irom some of these by metals having stronger 
affinities than itself, we are supplied wiui an idea which serves 
to connect and to fix all these and many more analogous facts ia 
the memory. 

When we further observe, to pursue the same example, that the 
cyanide of cacodyle, Kd Cy, when acted on by hydrochloric acidi 
gives rise to hydrocyanic acid and chloride of cacodyle ; and that, 
when acted on by potash, it yields cyanide of potassium and oxide 
of cacodyle, we acquire so many additional proofs of the entire 
analogy between simple and compound radicals in their relation to 
other bodies. For the two changes or reactions above mentioned 
are expressed by the equations, Kd Cy, + H CI == Kd CI + H Cy ; 
and Kd Cy + K = Kd + K Cy ; and these equations are 
xactly similar to those which occur most frequently in inorganic 
chemistry. 

The facts already ascertained with regard to those compound 
organic radicals, whose existence has been either established, or 
rendered highly probable, entitle us to conclude that all organic 
compounds contain one or more organic radicals, combined either 
with each other, or with elementary radicals. In studying there- 
fore, any organic product, one chief object is to determine what 
organic radical or radicals it contains, since the knowledge of 
these at once gives us a means of classification. 

Thus alcohol, on the theory of compound radicals, is considered 
as the hydrated oxide of ethyle ; ethyle being an organic radical, 
C4 H5. So that alcohol, C4 He Oa is more accurately represented 
as (C4 H5 ) -f- H ; or if we represent ethyle, C4 H«, by Ae, 
then alcohol becomes Ae 0, H 0, hydrated oxide of ethyle ; per- 
fectly analogous to K 0, H 0, hydrated oxide of potasttum, or 
caustic potash. 

Again, benzoic ether, C:8Hio04, is viewed as benzoate of 
oxide of ethyle, C4 H* + C14 H5 O3 ; or more briefly, Ae O + 
6z 0. Here we have the basic oxide of one radical united with 
the acid oxide of another. 

It was often by means of thus tracing the different organic rad- 
icals, that we are enabled to explain the very numeroua cases of 
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iflomerism, which occur in organic chemistry. Thus, the following 
compounds have the same composition in 100 parts : 

Aldehyde . . . . C4 H4 Ot 

Acetic Ether . . . . Cs Hs O4 
Butyric Acid . . . . Cs Hs O4 

Now, aldehyde is considered to be the hydrated protoxide of 
acet^le, (C4 H3 ) + H ; or, abbreviated, Ac 0, H 0. Again, 
acetic either is acetate of oxide of ethyle, C4 H« + (C4 H3) 
O3 ; or shortly, Ae 0, Ac O3 ; the dry acetic acid, Ac O3 = (C4 
H3^ O3, being a peroxide of the same radical, acetyle, (C4 Hs = 
Ac) of which aldehyde is the protoxide. Lastly, butyric acid is 
considered (on the older view of acids,) as a hydrated acid, a 
compound of water with dry butyric acid ; thus, H + Cs 
H7O3. 

It is true, that, in the latter case, we are not yet acquainted with 
the true radical of butyric acid ; but we cannot doubt that, like 
acetic acid, it does contain a radical. These three compounds, 
therefore, may now be represented and distinguished as folk>ws : 

Empirical Fonnula. R«tk>iial Formula, 

Aldehyde C4 H4 Ot = (C4 Hs) O + H O 

Acetic Ether Ca H« O4 = (C4 Hs) O -f (C4 Hi) Os 
Butyric Acid Cs Hs O4 = CsHtOs + HO 

Even in those cases in which the composition of the radical is not 
known, or not known with certainty, we can often trace the radical 
with much probability. Thus, dry oxalic acid, Ca O3, and dry 
mellitlc acid, C4 Os, may be viewed as different compounds of 
the simple radical carbon, the latter containing just twice the 
proportion of carbon to the same quantity of oxygen that the 
former does. This is merely stated by way of illustration : for, it 
is at least equally probable that the true radical of oxalic acid 
isCaOs. 

But in the following four acids we may trace, theoretically, the 
same compound radical, namely, formyle,==Ca H, in combination 
with the different proportions of oxygen. Here Ca H is also 
represented by Fo. 

Formic Acid (Ct H) + Oi = Fo Oi 
Succinic Acid C4 Ht Os = 2 (Cs H) + Os = Fot Os 
Malic Acid C4 Hi O4 =r 2 (Ct H) + O4 = Fot O4 
Racemic Acid C4 Ht O5 = 2 (Ct H) -f 0# = Fot 0# 

These relations, although as yet only to be traced in the form- 
ulae, are yet not without interest, and may, at all events, serve 
to aid the memory. 

In like manner it may be observed, that the following acids all 
contain, as hydrates, 4 eq. of oxygen ; and all likewise the same 
niunber of eqs. of carbon as of hydrogen. 
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1. Acetic Acid C4 H4 

2. Metacetonic Acid Ce H0 O 

3. Butyric Acid Cs Hs O 

4. Valerianic Acid Cio Hio O 

5. Carproic Acid C« Hj2 O 

6. CEnanthylic Acid Cu Hm O 

7. Caprylic Acid CieHi«0 

8. Pelar^nic Acid CwHwO 

9. Capric Acid C» Hao O 

10. ♦ ♦ ♦ ♦ ♦ * 

U. Laurie Acid CuHuO 

12. Cocinic Acia Cas Hse O 

13. MyristicAcid CtfHssO 

14. ♦ . ♦ ♦ ♦ ♦ * 

15. Palmitic and Ethalic Acids . . Cas Hn O 

16. Margaric Acid Cm Hm O 



= C4HsOs,HO 
rCeH^OsjHO 
= CiH70s,H0 
= CioH9 03,HO 

:Cl2HllOs,HO 

:CuHi3 0s,H0 

:Cl6Hl5 0s,HO 
:Ci8HitOs,HO 

:C«H»Os,HO 
:Ci4HoOs,HO 

:C»Hl5 03,HO 
:C«H>7 03,HO 

:CaaHsi03,H0 

:C34H33 08,HO 



Here we may suppose the radical of the first acid to have been 
changed by the successive additions of 2, 4, 6, 10, or 20, or more 
eq. of carbon or hydrogen, the oxygen remaining unchanged. Or 
we may as readily suppose, one of these acids, by losing oxygen, 
to pass into anotner. Thus we may either conceive butyric acid 
to be formed from acetic acid by the addition of C4 H4 ; or acetic 
acid to give rise to butyric acid by losing half is oxygen ; for 2 (C4 
H^ 04)c= C. H. 0«; and C. Hs 0«— O4 = CgH8 04. 

When compound organic radicals, or their compounds, are sub- 
jected to powerful decomposing agencies, they tend to produce 
new and complex radicals. Thus, when alcohol, the hydrated 
oxide of ethyle, is oxidized, it gives rise to aldehyde and acetic 
acid, which are compounds of acetyle, C4 Hs, a less complex radi- 
cal than ethyle, C4 H«. Further, when organic compounds are 
decomposed by a strong heat, they tend to produce compounds of 
simple radicals, such as carbon or hydrogen, or, at most, of the 
kast complex radicals, such as cyanogen, Ca N, and amidogen, 
N Ha . These are principles of very general application. 

It may here be obser\'ed, that while in such cases as the sup- 
posed conversion of acetic into butyric acid, by the loss of half its 
oxygen, the change is from a less complex to a more complex 
organic compound, and while we can hardly doubt the possibility 
of such a result, yet the oridation of a compound radical, that is, 
the addition of oxygen, appears always to produce less complex 
radicals or compounds. 

It is often urged, as an argument against the doctrine of com- 
pound radicals, that these supposed radicals are entirely imaginary 
and cannot be produced. Now, it is true, that a large proportion 
of those, whose existence is best attested, have not yet been ob- 
tained in the uncombined state ; and it is even probable that some 
of them are only capable of existing, or rather, of being preserved^ 
when combined, but the argument founded od this net has no 
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cogency; for, in the first place, some organic radicals, such as 
cyanogen and cacodyle, are well-known in the separate state. 
!^ow cyanogen and cacodyle are, in all their relations, exactly an- 
alogous, the former to chlorine, the latter to A metal ; and, if we 
were unable to demonstrate their compound nature, their chemical 
relations would compel us to classify cyanogen as an element along 
with chlorine, and cacodyle along with the metals ; and when we 
see whole series of organic compounds, in all respects analogous 
to those of cyanogen and cacodyle, we are entitled logically to 
draw the conclusion that these compounds contain similar com- 
pound radicals, even although we cannot isolate them. Secondly, 
m every chemical theory yet broached, may substances are ad- 
mitted whose existence cannot be directly proved. Thus the so- 
called anhydrous organic acids are, almost without exception, 
unknown in the separate state ; they are equally imaginary with 
the radicals, whose existence is doubted. Nay, many inorganic 
acids are equally hypothetical. Anhydrous nitric acid has never 
been seen ; and although there are reasons for doubting its exist- 
ence, yet no one doubts the existence of hyposulphurous acid, 
which yet has never been separated, either as a hydrate or in the 
anhydrous state. 

We conclude, therefore, that organic compound radicals exist, 
and generally play the part of elements ; and we shall avail our- 
selves of their existence, as far as it is established, to facilitate 
the study, the classification, and the retention in the memory, of 
organic compounds. 

Theory of Chemical Types. — Doctrine of Substitution. 

The original and ingenious researches of Laurent have led to 
the adoption of what is called the Theory of Types, and the Law or 
Doctrine of Substitution, 'which have been supported, and in a 
great measure established, by Dumas and other distinguished ex- 
perimenters of the French school. The views of Laurent and 
of Dumas were for a time vehemently opposed by some chemists, 
especially by Barzelius and Liebig ; but although they have in 
some points been modified and restricted, the progress of discov- 
ery has gradually led to their general reception, so that recently 
some of the most striking illustrations and proofs of the law of 
substitution have been discovered by Dr. Hoffman, assistant to 
Baron Liebig, and working under his eye. 

As the subject is, therefore, no longer purely controversial, it 
would be wrong to omit it in an elementary work, much more es- 
* pecially as the doctrine has now taken such a form as to facilitate 
very much the study of organic compounds and of their metamor- 
phoses. 

It is not easy to define a chemical type ; but in inorganic chem- 
istry we may saj, for example, that hydrochloric acid, H CI, is the 
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trpe of a very numerous class of acids^ the character of which is, 
that thej contain hydrogen united to a salt radical. 

If for chlorine we substitute iodine, bromine, &c.y or even cyano- 
gen, the type remains unchanged, the compound is still an acid, 
analogous to that which was selected as the the type. 

Again, common salt, Na CI, is the type of a very large series of 
salts, in which a metal is united with a salt radical ; and if we 
substitute potassium, lead or silver for the sodium, the type is un- 
altered ; we obtain a different salt, but still a salt of the type 
represented by Na CI. 

Here, then, we have the simplest types and the most obvious 
cases of substitution ; when iodine or cyanogen is substituted for 
chlorine in the acid type ; or when potassium, lead, or silver is 
substituted for sodium m the salt type ; in both cases without the 
loss of the type. 

Nay, in the salt type represented by Na CI, we may not only 
replace sodium by other metals, but we may also substitute iodine, 
bromine, <&c., or cyanogen, for the chlorine, and still the type will 
remain unchanged. Iodide of sodium, Na I, bromide of magne* 
sium, Mg Br, and cyanide of silver, Ag Cy, are all as good exam- 
ples of the salt type represented by Na 01, as common salt itself is. 

It has been proposed, with great propriety by Baudrimont, to 
employ certain Greek characters, as symbols in representing the 
formulae of extensive types or of types in general. I shall, there- 
fore, express the above salt type by the formula ax, in which A 
stands for any metal or body acting as a metal, and x for chlorine 
or any other radical of analogous power, such as cyanogen. As 
hydrogen appears to stand alone in the power of forming acids 
with bodies of the type x, the acid type above alluded to becomes 
in its most general form hz. 

But while it is very easy to understand the extensive substitu- 
tions which may be effected in the case of both elements of the 
type Ax, yet we observe that in these substitutions the electrical 
character of the elements is retained ; and that as a is the positive, 
and X is the negative element, so they are only replaced, A by 
positive and x by negative elements respectively. 

So far as inorganic chemistry is concerned, the study of types 
would serve generally to confirm and establish the electro-chemical 
theory. At all events, we are not as yet acquainted with many 
exceptions to it ; we do not usually find oxygen or chlorine occupy- 
ing the place of A in a compound, or a metal playing the part of 
X. Even in inorganic chemistry, however, there arc some exam- 
^es of such interchanges. Manganese in manganic acid, Mn Oj, 
and chromium in chromic acid, Cr O3, obviously represent the 
sulphur in sulphuric acid ; and the manganese in hypermanganio 
•cid, Mna O7 represents the chlorine in perchloric acid, CI O7 ; 
while, in its other compounds, manganese acts as a metal. 



22 THEORY OF CflBMICAL TTPES. 

But the researches of Laurent and Dumas have shown that in 
organic chemistry the substitution of one element for another, even 
where the type is retained, is not limited by the electrical character 
of the elements. Thus, in acetic acid, H 0, C4 Ha O3, the 3 eq. 
of hydrogen in the anhydrous acid may be replaced by chlorine, 
giving rise to the compound H 0, C4 CI3 O3, m which the type is 
so little affected, that this substance, chloracetic acid, has proper- 
ties highly analogous to those of acetic acid. Here it is evident 
that the chlorine performs the same function as the hydrogen 
which it replaces did ; and not, as in hydrochloric acid, an opposite 
function. 

Again, in aldehyde, (C4 Ha) + H 0, the 3 eq. of hydrogen 
in the radical C4 Ha may be replaced by 3 eq. of chlorine, and -we 
then have chloral, (C4 CI a) O + H 0, a body of the same type 
as aldehyde. 

Such cases of substitution of chlorine (iodine, bromine, <&c.,) 
for hydrogen, and even of oxygen for hydrogen^ without change of 
type, are very frequent ; and it is this kind of substitution, so 
adverse to the electro-chemical theory, which is included in the 
theory of substitutions of Laurent. Those more usual substitu- 
tions, where one body is replaced by another of similar electrical 
character, may be viewed as so many examples of tlie doctrine of 
equivalents, the replacing body being equivalent to that for which 
it is substituted, on the electro- chemical theory. 

Adopting, then, the views of Laurent, we are compelled to 
admit that the electro-chemical theory fails when appliea to cases 
of substitution of chlorine for hydrogen, <fec., where the type 
remains unaltered. This is clearly the case in acetic and chlora- 
cetic acids ; and Hoffman has recently shown that in certain basic 
organic compounds, hydrogen may be replaced by chlorine, while 
the new compound retains the basic type and characters. Alde- 
hyde and chloral furnish an example of the same, in a body 
neither acid nor basic. 

Here, then, is a fact of very general occurence, which not only 
proves that the electro- chemical theory of combination is inappli- 
cable, at all events in many cases, but also tends to establish a 
very different view : namely, that the electric character of an 
element is no permanent or essential property ; and that the type 
or character, or general properties of a compound, depend, not on 
the nature, but solely on the arrangemeni of its elementary atoms ; 
on the way in which they are grouped to form the compound 
molecule. 

The reader will remember that, in the section on Isomorphism, 
the principle was laid down that the crystalline form of certain 
types of salts, such as the alum type, as well as many other 
properties of the compounds having those types, where the result 
of the 8milar grouping of analogous elemenU. We now see tha^ 
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according to the law of substitation, as deduced from numerous 
careful observations, similarity of properties, or identity of type, 
are the result of similarity of groupmg, even of elements not analo- 
gous, nay, of elements electrically opposed to each other. It is 
evident, therefore, that the arrangement of the elementary mole- 
cules to form the compound molecule is the circumstance on which 
depend almost exclusively the properties of the compound, or, in 
other words, the character of the type. 

Substitution may be either complete or partial. In chloracetic 
acid, and in chloral, the substitution of chlorine for the hydrogen 
of the radical acetyle C4 Hs is complete. But when ether ( C4 Hs ) 
is acted on by chlorine, the substitution takes place by succes- 
sive steps, one equivalent of hydrogen being replaced at a time, 
after the oxygen has also been replaced by chlorine. Thus we 
have, first : 

Ether or oxide of ethyle = (C* H«) + O 
then, chloride of qthyle = (C4 Hs) + CI 

then, successively, C4 ) ni -f- CI 

CU+ CI 
C4 j«>Cl 

C4 j«^ + Cl 
and lasUy, (C4 Ch) + CI 

We thus obtain the series of compounds here indicated, in which 
the hydrogen is gradually replaced by chlorine, until at last we 
obtain the compound (C4 Ch ) + CI = C4 CI0 = 2 Ca Ch, which 
is the perchloride of carbon.* Most of these compounds have 
actually been obtained ; and it is obvious that they may all be 
referred to one type. Such a series is called a series of mechan- 
ical examples of the type in question, or rather of subtypes re- 
taining the original character although modified. 

* The acUon of chlorine upon Pro^f^ene, as lately g^ot by Cohourt, ii also a 
striking illustration of the doctrine of substitution, thus : 

Propylene. 
(C9H0)CU boUsat 104^ density l'151^4voli. 
CaHsCla " 170© " l-347 = 4 ' 
C0H4Ci4 " 19502000 " 1-548 = 4 
CsHsCls " 22002250 " 1-548 = 4 



(C 

tc 

<4 



CsHsCIs "940Oto245O" 1-686 = 4 " 
CsH CI7 " 260O «. 1-731=4 
Ce Cit " 280O •« l*8e0 = 4 



« 



These compounds distilled with alcoholic solution «f potaasa, yield a new 
ol homologuea: 
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In some cases, hydrogen has been replaced partly by chlorine, 
and partly by bromine. Laurent has described two compounds 
derived from naphthaline by substitution, the empirical rormula 
for both of which is the following: — C9oH4C]3Br. Yet the 
properties of these two compounds are quite distinct, and it is cer- 
tain that this difference of properties must depend on a difference 
m the arrangement of the elements. Now, m the formation of 
these two compounds we have a very beautiful proof of the exist- 
ence of a difference in the arrangement : for one is produced when 
chlorine acts on the compound called by Laurent bronaphtese, 
OaoHs Brs ; while the other is formed when bromine is made to 
■ct on clonaphtise, C10H5 Cb. It is obvious that in the first 
case 2 eq. of hydrogen and 1 eq. of bromine are replaced by 
chlorine ; while in t£e second, 1 eq. of hydrogen is replaced by 
bromine. While, therefore, all four compounds may be deduced 
from the type CioHs, and while both the bromine and chlorine 
play the part of hydrogen, it b impossible to doubt that each of 
the 8 eq. of hydrogen has its special place in the compound mole- 
cule of the type, and that, in the two empirically identical formulse 
above given, the 1 eq. of bromine does not replace the same eq. 
of. hydrogen, and consequently the bromine occupies in the two 
compounds different positions. The same remark applies to the 
3 eq. of chlorine. 

We may illustrate our meaning as follows: — Let CaoHs be the 
type, and let each of the eqs. of hydrogen have a number attached 
indicating its place in the typical molecule. We shall then have 



CaHjCl 1 




C0 H4 Cb 




CeHsCis 
C0 Hfl Ci4 


' 4 vols vapor. 


CeH CI5 




Oe CU^ 





We also get : 

CeHeBrflf 
Cs Hs Brs, 
C0H4Br4, 
Ct Ha Brt; ftsdalflo: 

Co Hs Br 
Co H4 Bra 
CsHsBrs 

Also the action of bromine and an alcoholic tolntion o( potaaaa, npon the 
brominated Dutch liquor, C4 H4 Bra : 

C4 H4 Bra 
C4 Ha Bra 
C4 Ha Br4 
C4 N Bri ; and alao, 

C4 Hs Br 

C« Hi Bri 

C4H Bra 8. 
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C« 



5Hi HtHsH*) 
^H5H«H7Ht( 



Now, if we represent the two compounds above mentioned in the 
following manner, we can then conceive the influence of arrange- 
ment on the properties of two compounds having the same empir- 
ical formula. The first may be 

p„ 5Hi HtHsH* I 

^" \ CU CU CU Bf\ 

and the second may be 

^^ 5Hi HfHs BtaI 
^" ^CUCliChHs ] 

It is only on this principle that we can explain the facts observed 
by Laurent; and it is easy to see that the above type, C^Ht, 
Will admit of innumerable modifications ; for even the subtype^ 
O90H4 CI 3 Br, is capable of yielding many more than the two 
above given ; and the change of 1 eq. produces a new subtype* 
equally fertile in new forms. 

In fact, Laurent has actually obtained, as will be shown farther 
on, a very large number of what we have called subtypes, from 
the type C» Ha , which is napthallne, and has established the same 
law in reference to many other types. 

The preceding observations will, I trust, be found sufficient to 
convey a clear general notion of the prevalent doctrines of chemical 
tjTpes and of substitution, as applied to organic chemistry. It is 
evident that the facts of substitution are of great interest, and not 
only enable us to classify and to remember numerous complex 
facts, but promise to throw much light on the molecular constitu- 
tion of compound bodies. But while admitting the importance of 
the doctrine of substitution, it is necessary to point out that th« 
French chemists appear to have gone too far in assuming that this 
doctrine is incompatible with that of compound radicals. It is 
certain that some compound radicals exist, and it is no less certain 
that by assuming their existence in other cases, we very much 
fJBU^ilitate the study of many important series of compounds. Let 
us, therefore, avail ourselves of that which appears well founded 
in both doctrines, since there appears to be no reason why the one 
should be opposed to the other. 

The Decompositions and Metamorphoses of Organic 

Compounds. 

Organic compounds, whether aotual organised tissues, unorgaa* 
iied products of animal and vegetable life, or new substances 
artificially produced, are generally characterised by a ffreat prone^ 
ness to undergo decomposition or metamorphosis. This instabili^ 
is especially marked in those compounds which contain nitrogen, 
aot only because, contaimng four elements (in most cases), they 
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are exposed to more numerous causes of change than such bodies 
as contain only three (carbon, hydrogen, and oxygen), but also 
because nitrogen is in its relation to those three elements, the most 
remarkable element we know. According to the circumstances 
under which a change is induced, nitrogen may separate uncom- 
bined, as in the ultimate analysis of organic substances by com- 
bustion with oxide of copper or chromate of lead ; or it may 
combine with oxygen, yieldmg nitric acid, as in nitrification ; or 
with carbon, yielding the compound radical cyanogen, as when 
nitrogenized organic matter is ignited with carbonate of potash ; 
or with hydrogen, yielding ammonia, as when nitrogenized organic 
matter is ignited with hydrated alcalies. * 

It is easy to see, therefore, that while all organic matter is prone 
to change, this is especially the case with nitrogenized compoimds. 
In fact, many of these compounds cannot be kept more than a few 
hours without the commencement of decomposition or metamor- 
phosis, in the shape of putrefaction or fermentation. This kind of 
metamorphosis will be separately considered hereafter; in the 
meantime it is important to observe, that when such a compound 
has entered into a state of decomposition, it acquires the properties 
of a ferment, that is, it is capable of inducing a similar metamor- 
phosis in another compound, if placed in contact with it. 

The true explanation of this fact appears to be, that the parti- 
cles or molecules of the exciting body or ferment, being in a 
condition of change, and therefore in motion, communicate to the 
molecules of the body placed in contact with them an amount of 
motion sufficient to destroy the balance of the existing affinities ; 
which in organic compounds is easily done, the chemical equi- 
librium being very unstable ; and thus gives rise to a new play of 
affinities, and the production of new compounds, as when sugar 
by contact with yeast is resolved into alcohol and carbonic acid. 

But in addition to metamorphoses of the kind just alluded to, 
which, in the various ferments at least, commence spontaneously, 
air (at all events, at the commencement), moisture, and a certam 
temperature being; the usual conditions, organic substances undergo 
very well marked decompositions when exposed to the action of 
heat and of some powerful re-agents ; and it seems advisable here 
to give also a general account of such decompositions, as they 
admit of being classified under certain heads or rules generally 
applicable. 

We shall here, therefore, briefly describe the changes produced 
CD organic compounds : 1, by oxidation ; 2, by the action of acids ; 
3, by the action of bases ; 4, by the action of heat in close ves- 
sels, or the destructive distillation; and 6, by the contact of 
ferments. 

Oxidation: a. direct. — The direct oxidation of organic com- 
pounds takes two distinct forms. The first is the £asimar one of 
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combustion, in which the action of the atmospheric oxygen is aided 
by a high temperature. The results differ according to the supply 
of oxygen. If there be an excess of air, or of oxygen, from any 
source, the whole of the carbon and hydrogen is converted into 
carbonic acid and water, which, along with uncorabined nitrogen, 
are the ultimate products of the action of oxygen on organic mat- 
ters. But if the supply of air be deficient, the hydrogen is 
oxidized in preference to the carbon, which is deposited as smoke» 
soot, or lamp-black. 

The second form of direct oxidization is that which is commonly 
called decay, but which Liebig proposes to call Eremacausis (i. $,, 
slow combustion), and which takes place when organic matter is 
exposed to air or moisture. In dry air it docs not occur. 

One of the most familiar examples of this kind of oxidation is 
that decay of wood by which it is slowly converted into a dark 
brown powder — ulmine. In this process, as De Saussure has 
shown, the wood absorbs oxygen, and produces an equal volume 
of carbonic acid along with wator, and the residue — ulmine. As, 
in combustion, the oxygen combines by preference with hydrogen, 
so also in eremacausis there is every reason to believe that the 
absorbed oxygen combines with the hydrogen of the wood, and 
that an equivalent quantity of oxygen, also derived from the wood, 
is given off in the form of carbonic acid. Now, since wood may 
be represented as composed of carbon and the elements of water* 
and as water and carbonic acid are two of the products of erema- 
causis, it might be supposed that the water was ready formed 
in the wood, and that the absorbed oxygen had combined with the 
carbon. But it has been shown that, in presence of hydrogen, 
carbon does not at the ordinary temperature combine with oxygen, 
for which its affinity is less powerful ; and besides, in the decay of 
wood, the proportion of carbon in the residue (the ulmine) is con- 
stantly greater than in the wood. Thus oak wood, 0» H22 On yield 
in one stage of decay, ulmine, the composition of which agrees 
with the formula Cos H» 0» ; and in a more advanced stage, an 
ulmine of the formula C94 Hif 0». Here we see that for every 2 
eqs. of hydrogen oxidized by the air, 1 eq. of carbon and 2 eqs. 
of oxygen have been separated ; so that the per centa^c of carbon 
in the residue constantly increases, and the linal result of erema« 
causis would be a residue of carbon, were it not that, as the 
proportion of carbon in the ulmine increases, its affinity for the 
other elements, strengthened by its mass, becomes too powerful to 
be overcome by the oxygen of the air without the aid of heat. 
It has been suggested, however, by Liebig, that the process of 
eremacausis may occur under such circumstances as to leave at last 
a residue of pure carbon. The conditions necessary for this are 
still unknown ; but if we suppose one of these conditions to be a 
semi-fluid state of the matter undergoing decay, and if we imagine 
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ihe process to go on at a very slow rate indeed, the carbon thus 
eliminated might assume the crystalline form, and thus the diamond 
might be produced. This is a mere suggestion ; but it has more 
probability in its favor than any other theory of the production of 
the diamond. 

Other examples of eremacausis are, the aeetification of alcohol^ 
and the process of nitrification in which ammonia undergoes ere- 
macausis. These, as well as other instances, will be considered 
in their proper place. 

Eremacausis is greatly promoted by heat and by the presence 
of alcalies. It is on the contrary, arrested or retarded by cold, 
dryness, acids, and many salts, such as corrosive sublimate, which 
has been used to prevent the decay of wood. 

There is one circumstance connected with eremacausis, or decay, 
as above deseribed, which is worthy of special attention. It is, 
that a substance in a state of eremacausis, if placed in contact 
with another which is capable of undergoing this change, speedily 
causes the latter to enter into the same condition of change. This 
effect of contact may be compared, in one sense, to that of a body 
hi combustion, which sets fire to other bodies ; but in ordinary 
combustion the high temperature plays an important part, while 
in eremacausis the effect appears to be due to the communication 
of motion, from the particles of the decaying body to those of the 
other substance, which motion, as in the case of fermentation, 
overturns the existing balance of afi^nities, unstable as it is in or- 
ganic compounds, and gives rise to the formation of new products. 

The process of eremacausis, or slow oxidation in the atmos- 
phere, is one of very great practical importance, inasmuch as by 
this means, the elements of dead organic matter are made to 
assume those forms — namely, the forms of carbonic acid, water, 
and ammonia — in which they are capable of contributing to the 
nutrition of new and growing vegetables. 

A peculiar species of eremacausis is observed in the case of the 
nmultaneous action of oxygen and ammonia on certain colorless 
vegetable products, which, absorbing these gases greedily, are thus 
converted into nitrogenized compounds of very fine blue or purple 
colors. Of this, we have examples in orcine, erythrine, and 
phloridzine ; and there is good reason to attribute the formation 
of indigo, from a juice devoid of blue color, to an action of this 
kind, since both oxygen and ammonia appear to be necessary to 
its production. The transformation of alloxantine or of uramile 
into murexide also depends on the simultaneous action of ammonia 
nd oxygen. 

b. Indirect oxidation, — The indirect oxidation of organic com* 
pounds may be effected in a variety of ways, as for example, by 
nitric acid, the action of which we shall presently describe alonff 
with that of other acids ; by certain salts, as by permanganate of 
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potash, which conyerts sugar, for example into oxalic acid ; or by 
the employment of a mixture of bichromate of potash and diluted 
sulphuric acid by which means salicine may be made to yield the hy* 
duretof salicyle (oil of spirsea); by the action of sulphuric acid and 
of peroxide of manganese, as when alcohol is converted into aide* 
hyae ; or finally by the combined action of heat and hydrated alca- 
lies, as when indigo heated with potash gives rise to anthranilic acid, 
hydrogen being given off ; or acetates, heated with baryta, yield 
marsh gas and carbonates. The use of fusion with caustic potash 
as an oxidizing agent is an important means of obtaining a less 
perfect oxidation than.is the result of some of the other processes^ 
and it has lately led to some very interesting discoveries in animal 
chemistry. 

2. Action of Acids on Organic Compounds, — This action is very 
various ; the two acids most frequently employed are the nitric and 
sulphuric acids, and as might be expected, the former acts more 
as an oxidizing agent than the latter. 

When sugar, for example, is heated with nitric acid, the latter 
loses oxygen, for nitrous acid is given off in enormous quantity; 
while the elements of the sugar, by the action of the oxygen are 
made to combine so as to produce compounds of less complex 
radicals than that of sugar probably is. Among the products are 
water, carbonic acid, oxalic acid, and saccharic acid, besides others 
not yet investigated ; but the three first sufficiently show the ten- 
dency of oxidation to promote the formation of less complex radicals. 

When nitric acid acts on organic matters, there is generally found 
one acid, if not more among the products, and in this way a large 
number of acids have been discovered. Examples of this are, 
mucic acid from gum ; indigotic and carbazotic acids from indigo ; 
margaric acid from stearic acid ; suberic and succinic acids, from 
oily acids, besides many others. It frequently happens that com- 
pounds, whether acid or neutral, formed by the action of nitric 
acid oh organic matter, contain hyponitrous acid as a constituent, 
apparently substituted for some element. This is the case with 
mtrobenzide from benzine, and with nitronaphthalase, and a whole 
series of compounds discovered by Laurent in his study of the 
action of nitric acid on naphthaUne. The carbazotic or nitropicric 
acid also appears to contain a compound of nitrogen and oxygen. 
Some or^nic bases, as morphia and brucia, strike a deep red color 
with nitric acid. 

When sulphuric acid is made to act on organic compounds, it 
chars a considerable proportion of them by virtue of its attraction 
for oxygen and hydrogen in the form of water. But in many 
cases it produces very different effects. Thus by boiling with sul- 
phuric acid and water, starch and lignine are converted into grape 
sugar. In other cases, the sulphuric acid seems to lose so much 
oxygen as to produce hyposulphuric acid, which enters into combi- 
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nation with an organic compound, forming a new acid, as when 
sulphuric acid acts on naphthaline, and form sulphonaphthalic acid ; 
or on benzoic acid, formmg hjposulphobenzoic acid ; or on alcohol 
under certain circumstances, when an acid is produced containing 
the elements of hyposulphuric acid and of a carbon-hydrogen. 
In other cases, the sulphuric acid combines unchanged with the 
ors^anic compound, as in sulphovinic acid, which is a bisulphate of 
oxide of ethyle ; sulphomethylic acid, and others. 

Many organic compounds, heated with excess of sulphuric acid, 
are entirely decomposed, yielding water which combines with the 
acid and other products which are disengaged. Thus oxalic acid 
is resolved into water, carbonic acid, and carbonic oxide ; formic 
acid into water and carbonic oxide ; alcohol into water, olefiant 
gas, and other products. 

Several organic compounds are dissolved by sulphuric acid with 
the production of a fine red or purple color. Salicine strikes a 
red color with the acid, and cedriret, one of the constituents of 
tar, dissolves in it with a deep blue color, as does also naphtha- 
lase. 

Phosphoric acid may be employed in some cases to remove 
water from organic compounds, as it does not char them. Like 
sulphuric acid, it forms with oxide of ethyle an acid salt, known as 
phosphovinic acid. 

Hydrocholoric acid and its congeners have no very extensive 
action on organic substances. With alcohol, hydrochloric acid gas 
yields chloride of ethyle ; and a current of this gas, passed through 
an alcoholic solution of a fatty acid, gives rise to the compound 
of the fatty acid with oxide of ethyle, which would otherwise be 
obtained with difficulty. With oil of turpentine, oil of lemons, and 
some other essential oils composed of carbon and hydrogen, hydro- 
chloric acid gas combines, forming solids resembling camphor. 
Pyroxanthine, a substance contained in tar, dissolves in strong 
hychloric acid with a fine and deep purple color. 

3. Action of Bases on Organic Uompounds. — Hydrated bases 
unite, of course, with organic acids ; and when heated with neutral 
substances, they generally give rise to the formation of acids, such 
as acetic and oxalic acids, or even carbonic acid, oxygen being 
disengaged, or, (if the organic body contain nitrogen,) hydrogen 
and ammonia. This property of hydrated bases is employed as a 
means of converting all the nitrogen of organic compounds into 
ammonia, and in this form determining its quantity. 

The presence of bases greatly promotes the absorption of atmos- 
pheric oxygen by organic substances. This is the reason why 
alcalies assist eremancausis. The same effect is very conspicious 
in the change which the salts of gallic acid (and some other acids) 
undergo when exposed to the air. A solution of an alcaline gallate 
absorbs oxygen very rapidly, and becomes very dark in color. 
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being oxidised in a far shorter time than if the acid had been 
nncombined. 

4. Adion of Heat on Organic Compounds «» dose vessels. — This 
action is known under the name of the destructive distillation. It 
must be considered as combustion with a very limited supply of 
oiygen, that, namely, afforded by the substance itself. A very 
great variety of compounds is produced, many of them very inter- 
esting and useful. The destructive distillation may be considered 
as it affects substances containing nitrogen, and substances devoid 
of that element. Many products are common to both cases, but 
many also are confined to one case, especially to that of nitrogen- 
ized substances. 

The destructive distillation of non-nitrogenized substances hat 
been chiefly studied in the case of wood, which, when heated in 
close vessels, yields a great variety of products : some, binary 
compounds, such as paraffine, naphthaline, eupione, water, car* 
bonic oxide, carbonic acid, marsh gas, and olefiant gas : othert 
ternary, such as acetic acid, C4 H3 Os ; hydrated oxide of methyU 
or pyroxylio spirit, TCa H3) 0, H ; lignone, xylite, mesite, and 
other volatile ethenal liquids, composed of the same elements as 
pyroxylic spirit, and very similar to it in properties ; creosote ; pica- 
mar ; capnomore ; cedriret ; pittacal, and pyroxanthine, besides 
many others, not yet properly investi) ated. 

When fatty or resinous bodies are subjected to the destructive 
distillation, there are obtained, beside i other compounds, two solid 
carbo-hydrogens : chrysene, Cs H, ..iid pyrene, CioHa ; which 
also occur among the products of the distillation of coal. 

This latter distillation may serve as an example, the best known, 
of the action of heat on nitrongenized organic bodies ; for coal 
contains a certain although small proportion of nitrogen. The 
products, besides creosote, paraffine, naphthaline, and probably 
several others of those obtained from wood, include much ammonia, 
hydrocyanic acid ; some peculiar non-nitrogenized acids, as car- 
bolic acid, Cn Hs 0, H O, (a remarkable compound, having an 
odour resembling that of creosote, and yielding, when subjected 
to various re- agents, an pxt^nsive series of new compounds [Munge, 
Laurent] ) ; rosolic and bnmolic acids ; and three very remarkable 
nitrogenized bases* containing no oxygen, namely, kyanol (aniline, 
crystalline,) C«2 H? N Wkol, Cia &• N; picoline, C12H7 N, 

i' Anderson,) which is, therefore, isomeric with aniline, besides a 
burth not yet fully inveptigated, pyrrol ; finally, paranaphthaline, 
or anthrnncene, (>)H», and coal tar, naphtha, wnich is used as a 
solvent for caoutchouc. 

The distilUtion of animal matter, such as hoofs, horns, or bones, 
yields analotfoiis results, but is caracterized by the very large 
amount of amrooiua which is obtained, animal matter bein^ richer 
mnitrQigrea than coal is. This ammonia appears as carbonate. 
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which salt is thus manufactured, and hence was and occasionally 
sdll is, called salt of hartshorn. 

Many organic acids, when heated in close vessels to a certain 
temperature, short of the destructive distillation, under&^o a remark- 
able decomposition ; carbonic acid is given off, and there remains 
a new acid, which is called a pyrogenous acid, or pjro-acid. Thus 
meconic acid, at a certain temperature, yields carbonic acid and ko- 
menic acid: while komenic acid, if heated in its turn, yields carbonic 
acid and pyromeconic acid. We have also pyromucic, pyrotar- 
taric, or pyroracemic and pyrocitric acids ; citric acid yielding three 
pyro- acids, aconitic, (equisetic,) itaconic and citraconic acios, and 
malic acid also yielding two, moleic and paramaleic or fumaric acids« 

From the above statements, it is obvious, that the action of heat 
on organic compounds mves rise to a very large number of impor- 
tant products of which only the most remarkable have been 
named. All will be described in their respective places. 

6. Action of Ferments on Organic Compounds. — Of this action 
the best known and most important example is the fermentation 
of sugar, by which it is resolved into alcohol and carbonic acid. 

The circumstances under which this metamorphosis occurs are 
ihese : the sugar must be dissolved, the solution must have a cer- 
tain temperature, and there must be present a ferment, such as 
yeast or some analogous body. In the juice of the grape a fer- 
ment, the fibrinous or caseous constituent of the juice is naturally 
present ; and Gay Lussac showed that the contact of atmospher- 
ical air was necessary to commence the fermentation, but that this 
contact with the atmosphere might be only for a very biief period, 
after which lur was no longer necessary. It is obvious that the air 
acts by inducing a state of change in the ferment, for if any fer- 
ment, previously exposed to the air, be added to a pure solution of 
sugar, fermentation will take place without the mixture being 
exposed to the air after the ferment has been added. 

Berzelius and others conceived that the ferment acts by contact 
in some way not very clearly defined, by catalysis, as it is called, 
as they conceive sulphuric acid to do in the formation of ether 
from alcohol. But Liebig has proved that in this latter case the 
acid first combines with ether (oxide of ethyle) forming sulpho- 
Tinic add (bisulphate of oxide of ethyle), and that this compound 
at a temperature rather higher than that at which it is formed, is 
decomposed into hydrated sulphuric acid and ether which distils 
over. The same chemist has pointed out many other instances of 
the effect of contact, even in inorganic chemistry : such as the ac- 
tion of oxide of silver on peroxide of hydrogen, where the former 
compound, by contact with the latter, not only decomposes it, 
causing oxygen to be rapidly given off, but is itself decomposed, 
losing ail its oxygen ; the solution in nitric acid of an alloy of pla- 
tiiium and silver, while platinum alone is insoluble in that acid ; 
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or the aciion of carbonate of silver on certain organic acids, which 
caus^ a disengagement of carbonic acid, this disengagement being, 
attended with a partial redaction of the oxide of silver. The^, 
and man? other more familiar cases, particularly those where a. 
compound is decomposed with detonation in consequence of a slight 
touco, or gentle friction, a moderate elevation of temperature, or the 
contact of another substance (e, g. chloride of nitrogen with oil) all 
tend, according to Liebig, to establish the doctrine that in certain 
compounds the balance of affinities is unstable, and therefore 
easily overturned, either by chemical or by mechanical influences. 

The compounds which are capable of fermentation or aily^ similar 
metamorphosis, are all of them bodies in which such an unstable 
equilibrium exists : they are all, in point of fact, easily decouftposed 
by many different agencies, such as heat, acids, bases, oxygen, 
chlorine, <&c., <fec. JNow, we can offer no other explanation of 
these facts of fermentation than this, that when a body in a state 
of progressive change, the particles of which are consequently ia 
a state of motion, is placed in contact with another body, the par- 
ticles of which are in a state of unstable equilibrium, the amount 
of motion mechanically communicated to the particles of the latter 
from those of the former, is sufficient to overturn the existing 
equilibrium, and by the formation of a new copopound establish a 
new equilibrium more stable under the given circumstances. 

There is nothing unphilosophical in this explanation, and it is 
to be considered as the best theory of fermentation yet attempt- 
ed. According to the view of Liebig, a ferment is merely a com* 
pound in a state of decomposition, capable of setting in motion^ 
and thereby bringing also into a state of decomposition, the parti- 
cles of another compound, the existence of which depends on a 
nice balance of affinities. 

On the other hand the view adopted by Berzelius, according to 
which fermentation, and all the other phenomena of » chemical 
change produced by contact, are the results of a peculiar unknown 
force, the catalytic force, coming into action when certain bodies 
are placed in contact, appears unphilosophical, as, in the first place, 
assuming the existence of a new force where known forces lyould 
suffice to explain the facts ; and, secondly, as furnishing no real 
explanation, but merely acknowledging, indirectly, our inability to 
oiler any such explanation When we ascribe an effect to catalysia, 
we are only saying, in other words, that we cannot account for it: 
catalysis is thus merely a convenient term for all that we do not 
understand. And to the use of the word in this sense, namely, as 
a name for the agent which produces certain effects, the agent it- 
self bein^ unknown, there would be no objection, were it not that 
catalysis has been employed to account for phenomena not only 
different from each other, but actually of an opposite kind, ^or 
example, platinum, in causing ths combinaiion of oxygen and 

3 
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hydrogen, is said to act catalytically, and the action of oxi^e of 
manganese, or oxide of silver in decomposing peroxide of hydro- 
gen, that is, in causing the separation of oxygen and hydrogen, is 
also called catalytic. This example proves how loosely the word 
has been employed, and how vague are the views which have led 
to its introduction. 

A variety of important and interesting processes come under 
the head of actions caused by ferments ; the production of alcohol 
from sugar, of oil of bitter almonds from amygdaline, and of lactic 
and butyric acids from cane of sugar or sugar of milk, are all ex- 
amples of this ; and in each of these cases the ferment is peculiar. 
In the case of sugar it is yeast, or gluten, undergoing eremacausis 
and putrefaction ; in the case of amygdaline it is emulsine, a pe- 
culiar modification of albumen ; and m the case of cane sugar or 
sugar of milk, when converted into lactic or butyric acid, it is 
caseine, the nitrogenized constituent of the milk. 

The j^ccess of air is required at first to yield oxygen to the 
gluten, &c., which then entering into eremacausis, or if air be ex- 
cluded, into putrefaction, are capable of acting as ferments. 

In the actions induced by ferments, we are to distinguish those 
in which some external element or elements are added to those of 
the compound, which cases resemble ordinary decompositions, 
from those in which the elements of the decomposed body merely 
transpose themselves, producing new compounds. The latter are 
properly and strictly termed metamorphoses. Fermentations, in 
which oxygen is absorbed, are examples of eremacausis, and it 
has already been mentioned that a body in a state of eremacausis 
acts on other bodies as an excitant of the same change, that is, as 
a ferment. 

Indeed, most ferments, whether they induce eremacausis, or a 
more pure metamorphosis in other bodies, are themselves in a 
state of eremacausis, at all events in the commencement of the 
change. 

The subject of fermentation and ferments will be hereafter more 
especially considered, in connection with fermentescible compounds: 
here the subject is merely treated in a general way. 

Putrefaction, under ordinary circumstances, partakes largely 
of eremacausis, and dififers from the ordinary kind only in the 
ofiensii^e odor of some of the products, chiefly compounds of 
Sulphur and phosphorus, as sulphuretted and phosphuretted 
hydroffen. 

When air is excluded, putrefaction goes on, provided moisture be 
present, and it is then a metamorphosis, giving rise, in the case of 
^regctable matter putrefying under water, or in the strata of mines, 
to gaseous products, such as marsh gas and olefiant gas, consti- 
tuting with air the fire-damp, and carbonic acid, which is the 
ehoke-damp of the miner. 
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Animal matter, in a slate of putrefaction, as putrid flesh, blood, 
cheese, or wine, acts as a ferment, and is capable of causing the 
metamorphosis of sugar into alcohol and carbonic acid, as well as 
of inducing eremacausis, and also propagating a putrefactive de- 
composition analogous to its own. Thus, it is well known that 
fresh cheese, if inoculated with decaying cheese, soon passes into 
decay, spreading from the seat of the inoculation. 

We shall, hereafter, see that it is probable that some poisons 
and miasmata act as ferments on the blood. The singular sausage 
poison of Wurtemburg is animal matter in a peculiar state of de- 
cay, and does not contain any poisonous compound, only a poison*- 
ous sUUe or condition ; and the same principle may hereafter be 
found to furnish the true explanation of contagions. 

Fermentation, putrefaction, and eremacausis, are all promoted by 
the same circumstances, and arrested by the same influences. Anti- 
septics are substances, which, by combining with the ferment, or a 
part of it, or even with the body to be fermented, prevent the contin- 
ance either of the decomposition in the ferment, or of the fermenta- 
tion itself. Corrosive sublimate and arsenic, which are powerful 
antiseptics, combine with animal matter, Lnd form with it stable 
compounds ; cr-eosote combines energetically with albumen, &c. 

In fermentation, properly so-called, the elements of the ferment 
take no chemical share in the metamorphosis of the body acted on 
by the mechanical agency above explained. That body is resolved 
into two or more new compounds of less complex radicals. The 
elements of water may or may not take part in the change ; when 
they do, as in the case of sugar, the weight of the products, in 
this case alcohol and carbonic acid, is equal to that of the sugar^ 
pltts a certain weight of water. As, when the water is passed in 
vapor over carbon at a white heat, the carbon is shared between 
the oxygen and hydrogen, producing carbonic acid (or oxide), and 
carburetted hydrogen, so in the metamorphosis of sugar, and other 
analogous cases, we have on the one hand an oxidized compound, 
(in the case of sugar represented by carbonic acid), and on the 
other a compound in which part of the carbon is united to all the 
hydrogen (in the case of sugar, the alcohol). Similar results are 
obtained when alcohol or acetic acid are metamorphosed by heat, 
and this may be viewed as a general character of the metamor- 
phosis of non-nitrogenized bodies ; namely, that the carbon is 
divided between the oxygen and hydrogen. 

In putrefaction, again, the ferment plays a chemical part in the 
change, and two or more compounds, the ferment and the putre- 
fying body or bodies, combine to give rise to new compounds, 
with or without the elements of water. Putrefaction is generally 
the characteristic transformation of nitrogenized compounds, and 
the very great tendency of such compounds to undergo transform- 
ations is well illustrated by the spontaneous metamorphosis of a 
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Bolution of cyanogen in water. Such a solution contains the font 
principal elements of organic bodies ; and its transformations may 
oe said to be the only case of putrefaction which has been as yet 
carefully studied. 

The solution after a time becomes brown and turbid, and de- 
posits a dark matter, containing ammonia, united to a compound 
formed of the elements of cyanogen along with those of water. 
This matter being insoluble, undergoes no further change. Such 
a compound might arise from the re-action between 2 eq. cyanogen, 
and 4 eq. water: thus 2 Ci N+ 4H0 = NH3 + (C4 HNO4); 
according to some, the brown matter contains no ammonia, and is 
C4 N2 H = 2 Ca N + H 0. 

Another change is that in which water is decomposed, each of 
its elements unitmg with cyanogen, and producing cyanic and hy- 
drocyanic acids: thus, 2H0 -f- 2 Ca N = (C3 X -f- H0) + 
H,CaN. 

Another metamorphosis gives rise to oxalic acid and ammonia. 
In this case, 1 eq. cyanogen acts on 3 eq. water : thus, C2 N -f 
3H0 = NH3 + C203. 

But cyanic acid cannot exist in contact with water and othei 
acids : it is instantly metamorphosed into bicarbonate of ammonia 
thus, C2 N 4- 3H = NHa + 2 CO2. 

Toward the end of the process, when ammonia has become 
predominant, the cyanic acid produced undergoes a diflferent met- 
amorphosis. It now unites with water and ammonia, and may 
possibly for a time exist as hydratcd cyanate of ammonia ; but at 
all events that salt, if formed at all, is soon transformed into urea : 
NHa + Ca N + H =0 Ca H4 Na Oa = urea. 

Again, the hydrocyanic acid gives rise to another brown solid 
body, containing cyanogen or paracyanogen (possibly mellone 
also), and hydrogen ; and, along with this, oxalic acid, urea, and 
carbonic acid, by metamorphoses already described. 

Lastly, the hydrocyanic acid in contact with water, and an acid 
or an alcali (here oxalic acid or ammonia), undergoes another 
metamorphosis, and is transformed into formic acid and ammonia: 
thus, H, Ca N 4- 4 H = N H3 -f Ca H O3, H 0. 

Thus cyanogen, a binary compound, along with water, another 
binary compound, gives rise to no less than eight dififerent com- 
pounds : 1st, the black compound, containing the elements of cy- 
anogen and those of water, possibly C4 H Na ; 2d, ammonia, 
N H3 ; 3d, cyanic acid, H 6 Ca N ; 4th, hydrocyanic acid, 
H, Ca N ; 6th, oxalic acid, Ca O3 ; 6th, carbonic acid; 7th, a 
brown solid, containing cyanogen (paracyanogen) and hydrogen ; 
8th, formic acid, Ca H O3, H ; and in addition to these, tliree 
bodies, formed by the combination of two of the above eight, and 
containing all the four elements ; namely, 9th, oxalate of ammo- 
nia; 10th, bicarbonate of ammonia; 11^, urea. 
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This striking example is well adapted to give a clear idea of the 
immense variety attainable, when, instead of two binary com- 
pounds, two ternary or two quartemary compounds, along with 
water, are concerned ; and of the slight modifications of external 
circumstances which are required to produce results so varied, 
all the above substances being produced in a liquid at the usual 
temperature. 

It is hoped that the above sketch of the doctrine of the chemical 
changes and metamoiphoses of organic compounds will suffice to 
enable the student to follow the individual processes and reactions, 
to be hereafter mentioned, which owing to our limited space, we 
must treat with great brevity. We shall now conclude our intro- 
ductory matter by some general observations on the doctrines now 
held by many chemists on the subject of the organic acids ; after 
which we shall enter on the study of the known original radicals. 

Oroakio Acids. 

The acids met with in organic chemistry are principally com- 
pounds of carbon, hydrogen, and oxygen, although some do con- 
tain also nitrogen. They are distinguished from inorganic acids 
by their high atomic weight, and by the action of heat, which de- 
composes them all. As, in many of them, the oxygen they con- 
tain is a multiple by a whole number of the oxygen of the bases 
which neutralize them, so they are viewed as oxygen acids by those 
who consider true sulphuric acid to be an oxygen acid, SO 3, and 
oil of vitriol to be its hydrate, HO, SO3. In the case of acetic 
acid, for example, the formula of which is (C4 Hs) O3 H O, the 
compound (Ci H3) O3, unknown in a separate form is called dry 
acetic acid, and the strong acetic acid is considered as its hy- 
drate ; and the analogy is supposed to be fortified by the fact that 
dry acetic acid, like dry sulphuric acid, contains 3 eq. oxygen, and 
neutralizes 1 eq. of base, M O, containing 1 eq. of oxygen. 

But a careful study of the organic acids leads us to apply to 
chem the same theory which we have already adopted for the inor- 
ganic acids, and to consider them as compounds of hydrogen, with 
compound radicals, usually consisting of carbon, hydrogen, and 
oxygen. On this veiw, as oil of vitriol is H.6O4, the strongest 
acetic acid is H, (C4 H3) O4. It is true that this radical, (C4 H3) 
O4, does not exist, or is not known in the separate form ; but the 
some remark applies to dry acetic acid, (C4 H3) O3, which on the 
old view is supposed to be combined with water, for it also is 
anknown in the separate state. 

The existence of compound radicals in organic acids is not more 
difficult to imagine than that of 8 O4 the compound radical of sul- 
phuric acid, for ^€4 H3 ) O4 , only differs from it in containing three 
elements instead of two ; indeed, as some ternary organic radicals 
Mxe known in the separate form, we actually derive an argument 
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from organic aoids in favor of the existence of compound radicals 
in inorganic acids. Thus, the radical or organic metal, cacodyle, 
forms cacodylic acid. 

But we find, among organic acids, a much larger proportion 
which are bibasic, tribasic, m short, polybasic, than occurs among 
inorganic acids. Referring to what was said of the monobasic, 
bibasic, and tribasic phosphoric acids, it will be easily understood, 
that while acetic acid, for example, is monobasic, tartaric acid, ma- 
lic acid, komenic acid, alloxanic acid, and others are bibasic ; that 
citric acid and meconic acid are tribasic, and that saccharic acid is 
quinquebasic. And as the three modifications of phosphoric acid 
were described on the old view as monohyrated, Dihydrated, and 
terhydrated^ and on the new view, as containing respectively, 1, 2, 
and 3 eqs. of hydrogen, replaceable by metals, so tartaric acid 
may be either Ca H4 Oio, 2 HO, or Ca H4 Ois, H2; malic acid 
may be Ca H4 Os, 2 HO, or Ca H4 Oio, Ha; and so on ; while 
citric acid may be either C«Hs On, 3H 0, or C12H5 0«<, Ha, and 
meconic acid, CuHOu, 3 HO, or CuHO'sHs; and lastly, sac- 
charic acid may be CizHs On, 5H0 ; or C12H5 OitHa. 

In such poly basic acids, there is always some hydrogen in the 
radical, of which it is a constituent, and some combined with the 
radical, and replaceable by its equivalent of metals. It is only 
this latter hydrogen, the amount of which affects the neutralizing 
power of the acid. 

Now, among the phenomena of the action of bases on organic 
acids, we have some facts which seem almost to demonstrate the 
existence of this replaceable hydrogen, as such, and thus to estab- 
lish the new theory of acids. Thus, meconic acid, which is triba- 
sic, forms, like tribasic phosphoric acid, three series of salts, in 
which 1, 2, or 3 eq. of hydrogen, are replaced by metal. But 
while the meconic acid, as well as the tribasic phosphoric acid» 
readily forms with oxide of the silver, the sail in which all the 
hydrogen is replaced by silver ; it cannot form, or forms with 
difficulty, a similar salt witli potash, with which it forms, very 
easily, salts, with 1 and 2 eqs. of metal, and 2 or 1 eqs. of hy- 
drogen. 

Here we have the apparent contradiction of a weak base, oxide 
of silver, neutralizing tlie acid easily and completely; while a strong 
base, potash, leaves it imperfectly neutralized. This cannot, 1 
think, be accounted for on the old view, and many similar cases 
might be mentioned. On the new view, such apparent anomalies 
disappear : for since the neutralizing depends on the replacement 
of hydrogen by a metal, it is evident that an oxide whicn is easily 
reduced, or deprived of its oxygen by hydrogen, like oxide of sil- 
ver, will most easily neutralize acid, while a difficultly reducible 
oxide, such as potash, cannot be so far reduced as to yield 3 eq. 
of metal» so as to form the neutral salt. 
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There are other kinds of organic acids which are what may be 
called coupled acids ; that is to say they contain an acid coupled 
with another body, which does not neutralize the acid, but accom- 
panies it in all its combinations. Thus, in hyposulphonapthalic 
acid, O) He Sa Os, HO, we have hyposulphuric acid, S2 Os, 
coupled with napthaline, CaoHa, and the coupled acid neutralizes 
exactly as much base as the hyposulphuric acid alone would do. 
Again, formobenzoilic acid, Cio H? Os, HO, may be viewed as a 
coupled acid, consisting of formic acid Oa H Os, HO, and oil of 
bitter almonds (hyduret of bcnzoyle) Cu Ho Oa, which neutralizes 
just as much base as the formic acid alone. Those coupled acids 
which contain hyposulphuric acid, as is often the case, are formed 
by the action of oil of vitriol, or of anhydrous sulphuric acid, on 
organic bodies, when 2 eq. of acid, losing 1 eq. of oxygen, form 
hyposulphuric acid ; which commonly unites with the organic mat- 
ter minus 1 eq. hydrogen, that hydrogen having combined with the 
oxygen derived &om die sulphoric acid. 



In the following pages we shall adopt the arrangement of Liebig, 
which has the advantage of uniting those substances which are 
naturally allied in composition. It proceeds, in the first place, on 
the principle of describing, under each known or admitted organic 
radical, all the compounds derived from or closely connected with 
it After having gone through these, it takes up the consideration 
of the best known organic acids, including the oily acids ; then the 
neutral oils, fat, and essential ; the resins ; the non-nitrogenous 
coloring matters, bitter and extractive principles, nitrogenized 
coloring matters, and their congeners ; the organic bases ; starch ; 
gum ; woody fibre ; destructive distillation of wood, of lignite, of 
coal ; nitrogenized and sulphurized vegetable principles, albumen, 
<fec., the modifications of tliese in the animal kingdom ; bile ; ner- 
vous matter ; gastric juice ; saliva ; excrements ; urine ; blood ; 
lymph, (&c. And the whole is wound up with considerations on 
tLe nutrition of plants and animals. 

This arrangement is not a scientific one, and in the present state 
of our knowledge such an arrangement is, I fear, unattainable. 
But it is very convenient, and, by judicious grouping, very much 
facilitates the learning and the retaining in the memory of the im- 
mense mass of facts which at present constitute organic chemistry. 

We proceed, therefore, to consider those organic radicals which 
are admitted by the best authorities, although they are not always 
known in the separate state. The first compound radicals that 
attract our attontion are certain binary ones, already mentioned as 
binary compounds, but not in their character of radicals, in the 
first part of this work ; these are amide or amidogen, cyanogen, 
and carbonic oxide. 
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I. Amide. NHt=:Ad=16'19. 

Stn. Amidogen. — It has already been mentioned that certain 
compounds exist, in which we can hardly doubt that this substance 
is present. Thus, potassium or sodium, heated in dry ammoniacal 
gas, disengages 1 eq. of hydrogen, forming the compound K N H» 
or Na N Ha . When these are put into water, potash or soda is 
formed, while ammonia is set free : K, NHa+HO = KO + N 
Hs. Again, when oxalate of ammonia, NH3,H0, C2O3 is 
heated, there are formed, water which distils over, and the com- 
pound NH2 Ca Oa which remains behind : thus, NHs, HO, Ca, 
03 = 2HO+NHa Ca Oa. The latter compound is called 
oxamide, and is a sparingly soluble white powder, neutral or indif- 
ferent in itself, but yielding, when digested with an alcali, ammonia, 
which escapes, and oxalic acid, which combines with the alcali. 
Or if oxamide be heated with diluted sulphuric acid, it yields 
ammonia which combines with the acid, and oxalic acid which 
crystallizes in cooling. In both cases, water is decomposed : thus, 
NHa Ca Oa+2HO = NH3, HO + Ca Oa. 

Now oxamide is interesting, as being the t3rpe of a class of com- 
pounds, all of which, when heated witn an alcali or an acid, yield 
ammonia and an acid, the ammonia and the anyhdrous acid 
together containing just 1 or 2 eqs. of water more than the com- 
pound which, with the aid of water, has yielded them. If we 
consider oxamide as N Ha + Ca Oa ; that is, as composed of amide 
(or ammonia mintu hydrogen N Ha ), and the radical carbonic 
oxide (or oxalic acid minus oxygen Ca Oa ), then all its congeners 
are likewise compounds of amide, on the one hand, and an anhy- 
drous organic acid, minus oxygen, on the other. On this view 
benzamide is benzoate of ammonia, minus water, (NHs-h Ck H5 
03,H0) — 2HO=NHa + Ci4H5 Oa; or it is amide plus 
benzoyle (the radical of benzoic acid, (CxHa Oa). Therefore, 
when benzamide is acted on by potash, acamonia is fifiven off. and 
benzoate of potash is left; and when it is heated with an acia, a 
salt of that acid with ammonia is obtained, while oenaoic acid 
crystallizes. There are a good many similar compounds which 
are called amides, and are viewed as compounds of amide. 

It is obvious that the distinctive characters of amide, which is 
not known in the separate form, are its powerful affinity for hydro- 

fen, and its equally strong tendency to combine with radicals which 
ave a very great affinity for oxygen, such as those already men- 
tioned, potassium, sodium, the radical Ca Oa, and the radical 
bensoyle. It b probably, on account of its having so great an 
affinity for el<ements of the most opposite kind, uat we cannot 
obtain it in the separate form. 

With hydrogen amide forms two compounds, ammonia, Ad H, 
and ammonium. Ad Ha . The former may be called, in this view. 
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hydramide. The latter (as bas been already explained at p. 88) 
b considered to be a compound metal. 

It is very remarkable, that when ammonia or hydramide com- 
bines with an acid, the resulting compound is not a salt, unless 
the acid contain hydrogen. Thus, hydramide, with dry sulphuric 
acid, SO 3, forms a compound which is not sulphate of ammonia, 
and is not a salt at all. But if, instead of S Oa, we employ oil of 
vitriol, HO, SOs, or H, SOi, sulphate of ammonia, a true salt, 
is obtained. 

Here we may conclude that Ad H, in contact with H, SO49 
takes the hydrogen, forming ammonium, and that the resulting salt 
is composed of Ad Ha 4~S04; that is, a metal combined with 
the sulphuric acid radical, just as sulphate of potash is K, SO4. 
In all true salts of ammonia, therefore. Ad Ha = Am (ammo- 
nium) occupies the place of a metal, and may be replaced by a 
metal ; and even if we consider sulphate of potash to be K 0, 8 0^, 
we have only to view the sulphate of ammonia as N H4 0, S O3 
= Ad Ha 0, SO3 = Am 0, S Oa, that is, sulphate of oxide of 
ammonium. 

It must be borne in mind, however, that although all the chemi- 
cal relations of these compounds confirm the ammonium theory, 
yet neither ammonium nor its oxide are capable of existing uncoih- 
bined ; for ammonium, when separated, is resolved into iammonia 
and hydrogen ; and oxide of ammonium, when separated, assumes 
the forms of ammonia and water. 

Of the chief compounds of amide, ammonia or hydramide has 
been previously described. It remains for us to direct attention to 
this substance as constantly present in the atmosphere in minute 
quantity, from whence it descends in the rain, being an absolutely 
indispensable agent in vegetation. We have already seen that the 
putrefaction and eremaucausis of nitrogenized compounds yields 
carbonate of ammonia as a product. Its presence in the air is 
therefore certain, a priori, even although we cannot detect it until 
it is condensed and accumulated in rain. It is, however, absorbed 
from the air by almost all minerals and soils, especially aluminous 
and ferruginous soils : hence a trace of ammonia is often found 
where it is not expected, and where it has been erroneously 
believed to have been formed by the direct union of hydrogen and 
nitrogen. 

This is the true explanation of the very remarkable and accurate 
experiments of Faraday, which have lately been confirmed by 
Will and Varrentrapp. 

As an ingredient of manures, ammonia is most valuable. Its 
action on growing vegetables will be hereafter explained. 

Ammonia forms a large number of compounds with the oxides 
of metals, Che chlorides of metals, of sulphur, and of phosphorus, 
flnd finally with salts in general. These belong rather to inorganio 
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chemistry, and the limited size of this work forbids us to describe 
them in detail. 

But it is proper here briefly to notice the compounds formed by 
amide with metals, inasmuch as amide is here viewed as an 
organic radical, and some of these compounds are very important 
in reference to organic chemistry. 

Amide then forms compounds with potassium, sodium, mercury, 
copper, silver, and platinum. The two former are of a greenish 
olive color, and their action on water has been described above. 
The amide or amidide of mercury, Hg Ad, is not known in a 
separate state, but forms with bichloride of mercury the salt called 
white precipitate, Hg Ad + Hg CI2 . 

This salt is prepared by addmg ammonia to a solution of bichlo 
ride of mercury. When boiled with potash, it yields another salt, 
Hg Ad + Hg CI3+ Hg O3. The amidide of mercury also com- 
bines with the basic sulphate, and the basic nitrates of the same 
metal, forming with the basic protonitrate, the soluble mercury of 
Hahnemann. 

The amidide of copper, Ad, Cu, is only known in combination 
with the hyposulphate and with the nitrate of ammonia. 

The amidide of silver, Ag Ad, is known in combination with the 
nitrate, sulphate, seleniate and chromate of ammonia. 

But it is the amidide of platinum which offers the greatest interest, 
as it gives rise to several very singular compounds, exhibiting the 
characters of very powerful bases. These remarkable substances 
have been studied by Gros, Reiset, and very recently by Peyrone, 
but are yet far from being understood. We shall endeavor briefly 
to state what is known of them. 

When bichloride of platinum, Pt Cla , is heated for some time to 
nearly the melting point of tin, it loses half its chlorine, and is 
converted into protochloride, Pt CI, which forms a powder of a 
dirty brownish green color, insoluble in water. By continued 
digestion in ammonia, with the aid of heat, the protochloride is 
first changed into a e^een crystalline compound, which finally 
dissolves entirely, forming a yellowish solution, which on evapora- 
tion deposits yellowish white prismatic crystals. The green 
crystaline compound, discovered by Magnus, contains the elements 
of protochloride of platinum and those of ammonia, Pt CI NHs; 
the yellowish white crystals, discovered by Reiset, contain twice as 
much ammonia and the elements of water, Pt CI, 2 N H3 -f- ^* 

These two compounds are very remarkable : neither of them con- 
tains ammonia as such ; both are insoluble in hydrochloric and 
dilute sulphuric acids. But the green compound of Magnus dis- 
solves in nitric acid, with evolution of nitrous acid, and the solution, 
on cooling, deposits white crystalline scales, while the liquid con- 
tains no ammonia. These white scales, discovered by Gros, are 
the nitrate of a new base, Pt 01 Ns Ht ; which may be derived 
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from 2 eq. of the insoluble compound of Magnus, Pta Cla Na Ha, 
by the loss of 1 eq. of protochloridc of platinum, and the ad- 
dition of 1 eq. of oxygen. This base acts exactly like the basio 
oxide of a metal, or like oxide of ammonium, N H4 0, combining 
with acids and forming neutral salts. It not only forms salts with 
nitric and sulphuric acids and the like, but with hydrochloric acid 
it yields a heavy crystalline powder, which is a chloride, bearing 
the same relation to the base as chloride of ammonium, N H4 CI 
(sal ammoniac), does to oxide of ammonium. This chloride^ 
therefore, is Pt ClNa Ha CI, and the radical of the oxide or base 
and of the chloride, will be Pt CI Na He, corresponding to ammo- 
nium, N H4 . Although Gros did not isolate either the radical or 
its oxide, yet from the characters and composition of its salts there 
can be no doubt of its existence. If we represent this radical.. Pt 
CI Na Ha by R, then we have 

R O = oxide, the base of the salts, analogous to K O or N H4 
R0 + S0s=R+S04= sulphate, analogous to K, S O4 
R O 4- N 05= R + N 06= nitrate; analogous to K, N Oa 
R CI =: chloride, analogous to K CI or N H4, CI. 

The soluble crystalline compound of Reiset, Pt ClNa Ha-f- aq., 
when heated to 212^, becomes anhydrous, and is then PtClNa» 
He, that is, it has the same composition as the radical of the base 
and salts of Gros. But it is not this radical ; on the contraiy, it 
is the chloride of a different radical, PtNa Ha, and its true form- 
ula is Pt Na Ha + CI. 

This new radical is also perfectly analogous to ammonium, as 
may be exhibited in a tabular form as follows. 





Chlorine 
Comp'nd. 


Sulphate. 


Nitrate. 


Dnoble Chloride, 
with PlatiDom. 


Ammonium N H4 =Am 


Am CI 
R'Cl 


AmS04 
R'S04 


AmNOa 
R'N04 


AmCI + PtCIf 
R' CI + Pt Cli 



In the case of ammonium, we cannot isolate the oxide Am 0=N 
H4 0, as it instantly resolves itself into ammonia and water, NH3 
+ II 0. But the oxide of Reiset's platinum radical, R' 0, = Pt 
Na Hfl 0, or rather its hydrate Pt Na Ha + aq.. is easily obtained 
from the sulphate by adding just so much baryta as will remove 
the sulphuric acid, and evaporating the filtered solution in vacuo, 
when tne hydrated oxide crystallizes in colorless needles. This 
compound is strikingly analogous to hydrate of potash : it is a pow- 
erful caustic, attracts carbonic acid from the air as strongly as 
potash, and exhibits all the chemical characters of one of the 
strongest alcalies. Few compounds are so remarkable as this base. 
We shall call it the base a. 

This singular compound may be viewed as containing the ele- 
ments of protoxide of platinum, ammonia and water« Pt 0, 2 N 
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Hs, HO. When heated to ilZ"*, it loses its water and half its 
ammonia, leaving a compound PtNHs 0, or PtO.NHa, which 
appears to be another new base b, combining with acids and form- 
ing salts which detonate when heated. This last compound, when 
heated in the air, bums like tinder, and leaves metallic platinum. 
It is the oxide of a third radical, 6, = Pt N Hs. 

With hydrochloric acid, the base a of Reiset yields water, and 
the original chlorine compound: thus, PtNa He, + H CI = Pt 
Na He, CI + H 0. When this chloride is heated to from 266*» to 
290^, it loses ammonia and there is left a yellow powder, discov- 
ered by Peyrone, which dissolves easily in hot water, and has the 
composition of the green insoluble crystalline compound of Ma^us, 
PtClNHs, of which it is an isomeric modification. Indeed, the 
compound of Magnus, (although insoluble in hot water), if boiled 
with a saturated solution of sulphate or nitrate of ammonia, dis- 
solves, and is deposited, on cooling, in yellow crystals. The yellow 
ammoniated protochloride of platinum of Peyrone readily dissolves 
in ammonia, and the solution yields fine colorless prisms of the 
original chlorine compound of Reiset, but apparently not containing 
1 eq. of water of crystallization, which is said to be present in the 
yellowish-white crystals obtained by Reiset from the green com- 
pound of Magnus. 

When the yellow compound of Peyrone is acted on by nitrate of 
silver, it yields chloride of silver, and two new compounds containing 
nitric acid and platinum, one of which forms yellow octahedrons. 

If the sulphate of Reiset's base, PtNa H«+ SO4, be acted on 
by iodide of barium, Bal, there is formed sulphate of baryta, Ba 
SO4, and a protoiodide of Reiset's radical, a, Pt Na He , I. This 
iodide is soluble and crystallizable, and when boiled with water 
loses ammonia, while a new iodine compound is precipitated, Pt N 
Ha , I, corresponding to the chlorine compound of Peyrone and to 
that of Magnus, both of which are PtN ns CI. 

This new iodine compound seems to be the iodide of the third 
radical, b, Pt N Ha ; for when acted on by nitrate or sulphate of 
silver, it yields iodide of silver, and a nitrate or sulphate of this 
new radical or of its oxide, Pt N Ha, I -f- Ag, S 04= Pt N Ha, S 
04+AgI; andPtNHa,I+Ag,NO«=PtNHa,NOe.+ AgL 
These new salts may of course be represented as PtNHa, + 
S Oa , and Pt N Ha , + N Os . With ammonia, these salts yield 
the nitrate and sulphate of Reiset's base, a ; and with hydrochloric 
acid they yield tne yellow compound of Peyrone. This would 
indicate that the latter compound is PtNHa, CI, the chloride of 
the radical Pt N Ha , while uie green salt of Ma^us may be the 
ammoniated protochloride of plaUnum Pt CI -|- N Ha, or probably 
Pt CI. N Ha + aq. 

Here we have at all events, three very remarkable compounds^ 
which contain platinum and the elements of ammonia. Tnere is, 
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first, the radical b last described, Pt N Ha ; secondlj, the radical 
of Reiset's base, a, PtNs H0; and thirdly, the radical of Gros's 
base, PtClNaHe. 

Now we have given the history of these compounds somewhat 
minutely, because their existence throws much light on the nature 
of a numerous and iqaportant class of bodies, namely, the vegetable 
bases or alcaloids. 

It will be observed, then, that the three new radicals above 
described all contain nitrogen ; indeed, all contain the elements of 
ammonia, and are in their chemical relations entirely analogous to 
ammonium. Thus we have 
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That the above formulae represent in some respects truly the 
relation of these new bases to one another is rendered probable 
by the fact that, while the radical and base b of Reiset differ from 
his radical and base a, by containing 1 eq. of ammonia less, and 
these last from those of Gros by containg 1 eq. of chlorine less, 
we can actually transform the salts of Reiset's base b into those of 
his base a, by the addition of ammonia ; and the nitrate of Rei- 
set's base a, by the addition of chlorine, yields a salt having the 
properties of the nitrate of Gros's base. 

Now we have seen that ammonium may be viewed as a com- 
pound of amide, as N H2 -f- Ha =3 Ad Ha . May we not, therefore, 
suppose the new radicals to be also compounds of amide ? May not 
Reiset's radical b be ammonium, in which 1 eq. of hydrogen has 

been replaced by 1 eq. of platinum, Ad -jp*. Again, just as we 

have seen in acids, viewed as hydrogen compounds, analogous 
elements added to the radical without affecting the neutralizing 
power of the acid, which remains the same as long as the replace- 
able hydro^n continues unchanged, we can suppose amide to be 
a basic radical, forming with hydrogen the base ammonia, but 
capable of taking up into the radical analogous elements without 
affectinor the basic character of the ammonia, because we have 
now the hydrogen compound of an analogous, but more complex 
basic radical. On this view, Reiset's radical b, may be the hydro- 
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en compound of a basic radical more complex than amide ; in 
act, amidide of platinum. Its formula would then be Ad Pt -h H ; 
and although on this view it should correspond to ammonia, rather 
than ammonium, we cannot speak positively, as this is the least 
known of the three. 

The other two radicals may be readily viewed as hydrogen com- 
pounds of complex amidides, as ammonium is the hydrogen com- 
pound of amidide of hydrogen. 

Amide, N Ha = Ad, with hydrogen forms ammonia Ad H, and 
ammonium Ad H -|- H. In like manner in the radical a of Rei- 
set's salts, we have a complex amide, composed of amide and ami- 
dide of platinum, Ad + Pt Ad = Pt Ada, which, with 1 eq. of 
hydrogen, may be supposed to form a compound analogous to 
ammonia, Pt Ada , H, and with 2 eq. of hydrogen actually does form 
the radical a of Reiset, Pt Ada H + H, exactly analogous to ammo- 
nium. So the radical of Gros may be derived from the complex 
amide Pt CI A^l + Ad = Pt CI Ada , which may form Pt CI Ad t + 
H and Pt CI Ada H -|- H, the latter being the actual composition 
of the radical of Gros, corresponding to ammonium. 

It may also be mentioned, that just as we may view ammoni- 
acal salts as containing ammonia and water rather than ammonium 
and oxygen, so the base b of Reiset may be N H3+ Pt 0, analo- 
gous to N Ha + H in the salts of ammonia. If sulphate of 
ammonia be N Ha , H 4- S Oa , the Sulphate of Reiset's base b 
will then be NH3,PtO+ SOa, the protoxide of platinum here 
playing the part of water, or in other words, platinum playing the 
part of hydrogen, a substitution far from unnatural or improbable. 
Again, it we consider the ammoniacosulphate of copper to be 

C O ( + SOa, then the sulphate of Reiset's base a will be 

NHa ) 

^ PtO { + SOa, where platinum replaces copper, also a not 

improbable substitution. Reiset is disposed to adopt this view. 

The chloride of Gros's radical, PtCl Na Hc-f- CI, may be 
viewed as a compound of bichloride of platinum with iammonia, 
Pt CI + 2 N Ha, and there is even reason to think that compounds 
of that radical may be obtained from the solution of bichloride of 
platinum in ammonia. 

From the above remarks it will appear that every probable view 
which can be taken of these very mteresting bases connects them 
with amide, ammonia, or ammonium, and it is for this reason that 
they have been treated of in this section. Many pages might be 
filled with details concerning them ; but we have here only mdica- 
ted those points which will help to eludicate the constitution of the 
vegetable alcalies. 

That important class of compounds not only contains nitrogen, 
as an essential element, but exhibits the same analogy with am* 
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monia which we have seen to exist in the compound platinum 
bases. Moreover, like these bases, the alcaloids do not appear to 
contain ammonia as such ; and the probability is very great that 
their constitution is analogous to that of the bases now described. 
Recent researches by Berzelius, not yet published, are said to have 
established that the organic bases contain ammonia, coupled with 
other compounds. 

II. Carbonic Oxide (as a Radical). Cs Ot=s 28-106. 

Syn. Oxcdyle, — There is good reason to believe that the 
radical of oxalic acid is formed of 2 eq. of carbonic oxide. It 
has long been known that carbonic oxide, in the sun's light, com- 
bines with chlorine to form phosgene gas or chlorocarbonic acid, 
CO, CI, or Ca Oa, CI2. This compound may be viewed as the 
chloride of the radical Ca Oa, or as carbonic acid in which 1 eq. 

of oxygen is replaced by chlorine, C •< p, corresponding to C -j q 

or COa. But the existence of this radical is more securely 
inferred from the combinations it forms with oxygen, potassium » 
and amide. 

CARBOKIO OXIDE AND OXTOEK. 

1. Oxalic Acid. (Ca Oa) + HO, or Ca O4, H = 44132. 

This acid occurs in nature, generally in the form of an acid 
oxalate of potash in certain vem^table juices, such as that of oxalis 
acctosella, also as oxalate of lime in many lichens. It is formed 
artificially by the action of nitric acid on sugar» starch, and many 
other organic compounds ; also by the action of hypermanganate 
of potash on sugar, dec. 

To prepare it, one part of pure starch is gently heated with 8 
parts of nitric acid, Sp. G. 1*20 or 1'26. A very energetic reaction 
ensues, and much nitrous acid is disengaged ; when this slackens, 
heat is applied, and continued till no more red vapors appear, when 
the liquid, if sufficiently evaporated, deposits, on cooling, a large 
quantity of crystals of hydrated oxalic acid. These are dried on a 
porous tile, to remove the mother liquor which contabs much free 
nitric acid, saccharic acid, and other products. The dried crvstals 
being dissolved in a little hot water, the solution, on cooling, depos- 
its pure oxalic acid in four-sided prisms, which are colorless, very 
acid, very soluble in hot water, moderately so in cold water. 
These crystals contain 3 eq. of water of crystallization, Ca Oa, 
H + 3 aq. When sharply heated, a part sublimes as dry acid, 
Ca O3, H 0. Oxalic acid is destroyed by heat without blackening, 
f^hich serves to distinguish it from most other organic acids. 

It is very poisonous, and is the cause of many fatal accidents 
from its similarity to Epsom salts, from which, however, it is easily 
diiitlngultthed by its veiy sour taste* The best antidote is prepare^ 
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clialk administered in water, which forms the insoluble and inert 
oxalate of lime. It is easily detected by forming with lime-water, 
or a soluble salt of lime, if no free acid be present, the very insolu- 
ble oxalate of lime, which when dried and heated to low redness is 
converted, without blackening, into carbonate of lime. 

When oxalic acid, or any of its salts, is heated with oil of vitriol 
in excess, a brisk effervescence takes place, and the gas given off 
is a mixture of equal volumes of carbonic acid and carbonic oxide. 
This character furnishes another good means of recognizing oxalic 
acid. The reaction is very simple, for Ca Os, H -j- H 0, S Os 
-=(S034-2H0)-|-C0+C0a. The sulphuric acid seizes the 
whole of tne water, and the anhydrous oxalic acid, Ca Os cannot 
exist in the separate state. 

When the oxalates of certain protoxides^ as those of cobalt and 
nickel, are heated in close vessels, the metal is left ; carbonic acid 
being given off : Co 0, Ca Oa = C -|- 2 C Oa . Other oxalates, 
as that of manganese, give off carbonic acid and carbonic oxide, 
leaving the protoxide of the metal, Mn 0, Ca Oa = Mn + C 
+ COa. 

Oxalic acid forms salts with bases, many of which are insoluble. 
The insolubility of the oxalate of lime renders oxalic acid useful 
as a test for lime, and as a means of separating it, and determining 
its quantity, in analysis. As a test, it is commonly used in the 
form of oxalate of ammonia. It can only detect lime in neutral or 
alcaline fluids, the oxalate of lime being soluble in free acids. 

The formation of oxalic acid by the action of oxidizing agents 
on organic matters, is a partial oxidation of their carbon ; when 
that oxidation is complete, carbonic acid is the result. The action 
of nitric acid on starch or sugar is complicated, and not so well 
understood as to admit of being expressed in the form of an 
equation ; but the oxidation of sugar by permanganate of potash 
is very simple, and is thus represented, C12 Hio Oio -|- 6 (K 0, Mni 
07) = 6(KO, Ca 03) + 10HO+ 12MnOa ; that is, 1 eq. of 
anhydrous sugar, with 6 eq. of the permanganate, produces 6 eq. 
of oxalate of potash, 10 eq. of water, and 12 eq. of peroxide of 
manganese. 

The most important oxalates are those of potash, lime, and 
ammonia. There are three oxalates of potash ; the neutral oxalate, 
K 0, Ca Oa + aq. ; the bmoxalate, K 6, Ca Oa + H 0, Ca O3 + 
S aq ; and tlie quadroxalate, K 0, Ca Oa -f 3 (H 0, Ca Oa + 4 aq. 
The double oxalate of potash and oxide of chromium, described by 
me some years since, forms crystals which are black by reflected, 
deep blue by transmitted light. The solution is green and red at 
the same time by day-lit^ht, crimson red by candle-light. Sir I). 
Brewster has descnbed, in the £din. Phil. Trans., the veiy 
remarkable optical properties of this salt. The oxalate of lime is 
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C* 0, C, 0, + 2 aq. The oxalate of sQver Ag 0, C, 0„ deto- 
nates when heated, yielding, like several other oxalates of the 
noble metals, carbonic acid, and the metal. The oxalate of am- 
monia, N H4 0, C| Og + aq. is much used as a test. It crystal- 
lizes very readily. When heated, it gives rise to a very remarkable 
compound^ namely, oxamide, which is the type of a class. We 
shall here consider it. 

Oxamide. C;H,NO, = C,0-fNH, =44-296. 

When oxalate of ammonia is heated in a retort, it gives rise to 
a variety of products, and among these, to a white crystalline 
powder, insoluble in cold water, which is oxamide. It may be 
formed far more abundantly by the action of ammonia in solution 
on oxalate of oxide of ethyle, or oxalic ether. (See oxalate of 
oxide of ethyle.) 

The remarkable character of oxamide is, that while itself neu- 
tral, and certainly containing neither oxalic acid nor ammonia, it is 
easily converted into oxalic acid and ammonia by boiling it either 
with strong acids or strong alcalies. In this reaction the elements 
of 1 eq. of water are shared between the constituents of oxamide, 
that is, between the radical Cg Og, and the radical amide NH,; 
for oxamide is nothing more than oxalate of ammonia, N H4 0, 
C| Oj, minus 2 eq. of water, or N H,, C| Oj. A very small 
portion of an acid, for example, is sufficient to produce this effect 
on a large quantity of oxamide ; for if the acid we add be neu- 
tralized Dj tne ammonia produced, a corresponding quantity of 
oxalic acia is set fi'ee, and acts as any other acid would do. A 
minute proportion of an acid, therefore, here, appears to exert its 
influence on an unlimited portion of oxamide, but this is only in 
appearance. The fact, however, that the presence of a little oxalic 
acid enables oxamide to decompose water and to produce ammonia 
and oxalic acid, is very important, and tends to throw light on 
many simUar changes in the organic kingdom, where the agency is 
not so apparent. 

But oxamide is not the only product of the action of heat on 
oxalate of ammonia; for, besides carbonic acid, carbonic oxide, 
hydrocyanic acid, water, ammonia, and oxamide, all of which are 
or may be formed, there is produced, when the heat is so regulated 
that a hon^-yellow residue remains in the retort, a new acid, called 
ozamic acid, which constitutes that residue. It is mixed with a 
little oxamide, which is, however, left undissolved by hot water, in 
which the oxamic acid dissolves. 

Oxamic acid forms soluble and crystallizable salts, with lime, 
baryta, ammonia, and oxide of silver. Acids precipitate it from 
the saturated solution of its compound with ammonia, as a white 
apanngly soluble powder, the composition of which is C, li. N O; 
4" 9q. Although an acid> this compound exhibits all the relations 

4 
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of a compound of amide or amidogen, being converted by the 
action of alcalies at a high temperature into oxalic acid and 
ammonia. It differs, however, from oxamide in yielding 2 eq. 
oxalic acid and 1 eq. ammonia ; for 1 cq. of oxamic acid, plus 8 
eq. of water, contains the elements of binoxalate of ammonia: 
C, 0., N H, + 3 H = (H 0, C, 0,) + (N H, 0, C, O,). 
This also explains its production : 

for 2 eq. oxalate of ammonia 2 (N H4 O, C O.) =3 C« Ha N, (^ 

when acted on by heat, 

Yield 1 eq. ammonia = H, N 

3 eq. water = H, (X 

1 eq. anhydrous oxamic acid = C« H, N 0| 

Together . . C^HaN.O. 

Oxamic acid is certainly a very remarkable compound, bei^ 
an acid amidide, or at least admitting of being so regarded, G4 
Of , N H|. There are a few other examples of acid amidides, and 
we shall soon come to one, namely, etichronic acid, which is highly 
analogous to oxamic acid ; being formed by the action of heat on 
mellitate of ammonia, along with a neutral amidide, paramide, simi- 
lar to oxamide; and as oxamic acid yields acid oxalate, so 
euchronic acid yields acid mellitate of ammonia when long boiled 
with water. Cyanic acid may also be considered as, in some sense, 
an acid amidide; for C, N 0, H = C, 0,, N H; and Cj 0„ 
N H 4- 2 H = N H,, 2 C 0, ; or, as is well known, cyanic acid, 
in contact with water, produces bicarbonate of ammonia. 

Oxamic acid may further be viewed as a coupled oxalic acid, 
the adjunct in which is oxamide ; for C4 0^ N H, is equal to Cs 
0, + Ca 0|, N H|. Berzelius adopts this view, and is, generally 
speaking, favorable to the idea of coupled acids. 

An alcoholic solution of oxalic ether, when ammonia is can- 
tiously added till a precipitate of oxamide just begins to appear, 
yields a very beautifully crystallizable compound, long known as 
oxamethan, which is nothing else than oxamate of oxide of ethyle 

Ssee salts of oxide of ethyle). Its composition is Cg H7 N 0^ = 
C4 Hft) + C4 H| N Of . A similar compound exists with oxide 
of methyle, and was formerly called oxamethylan. 

2. Carbonic Acid. CO, = 22. 

This acid has been already described, and it is introduced here 
merely because it is formed by the complete oxidation of carbooie 
oxide : C,0, + 0, = 2 C 0,. 

CARBONIC ACID AND CHLORINB. 

Chlorocarbonic Acid. C J ^j or CO + a = 49-6. 

Stn. Phosgene Oas, — When equal volumes of chlorine and car- 
bonic oxide are mixed and exposed to the sun b rays, they combine 
to lonn a ooloriett gas, of a pungent disagreeable smell, whioli 
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acts strongly on the eyes. Sp. G. of the gas 3*990. When dis- 
solved in water, it decomposes it, producing carbonic and hydro- 
chloric acids. With alcohol and pyroxilic spirit it produces very 
remarkable compound ethers, to be afterward described. 

With ammonia, this acid forms sal ammoniac, and a white vola- 
tile crystalline substance, which is carbamide, C O, N H, , produced 
as follows :— C O, CI + 2 N H^rrN H„ CI + C O, N H, . 

Under the influence of the mineral acids, carbamide yields am- 
monia and carbonic acid, CO, NH, -f-HO = CO + N H,. 

The chlorocarbonic acid may be considered as carbonic acid 

C + j Q in which half the oxygen has been replaced by its equiv- 
alent of chlorine, ^ + ) pi 

CARBONIC OXI0B WITH POTASSIUM. 

Oxycarbide of Potassium : Rhodizonic Acid. 

When potassium is heated in carbonic oxide gas, combination 
takes place, and a dark olive powder is formed, composed of car- 
bonic oxide and potassium, in the proportions of C, 0, + K,, or 7 C 
+ 3 K. This substance is formed in large quantity in the prepa- 
ration of potassium from carbonate of potash and charcoal, and is 
the source of great loss as well as inconvenience. No such com- 
pound is formed with sodium, for which reason that metal may be 
more cheaply prepared than potassium. 

The oxycarbide of potassium, if heated in the air, takes fire, 
but if exposed to moist air, or placed in water, it is converted into 
the potash salt of a new acid, rhodizonic acid, hydrogen being dis- 
engaged: C, O, K, 4- 3 H 0=C, 0,, 3 K O -i- H,. As thS hy- 
drogen, however, is not pure but contains carbon, the reaction is 
probably more complicated. 

All the salts of rhodizonic acid are deep red, and when in crys- 
tals, reflect a green light. The rhodizonate of potash, when heated 
in solution in water, undergoes a very remarkable change, yielding 
free potash, oxalate of potash, and croconate of potash, the latter 
being the salt of another new acid containing the same elements as 
rhodizonic acid, in different proportions ; this salt is 0^04, K O or 
C| O5 , K. The composition of rhodizonate of potash explains this 
reaction perfectly, for C, O, + 3 K 0=:K O + K O, U, O, -f K 
O, C, O4. 

Croconic Acid. C, O4 , H O ? or C, O. , H. 

This acid is named from the yellow color of its salts. It is ob- 
tained from the croconate of potash, prepared as above, by the 
action of fluosilicic acid, which separates the potash. The acid ia 
yellow, soluble in water and alcohol, and crystallizes easily. All 
lU salts are likewise yellow. 

The rhodizonic acid, C, O1 , 3 H O, may be viewed as a tribasic 
hydrogen acid, C, 0,e H, ; the croconic acid may also be viewed 
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both as a hjdrated oxygen acid, C, O4 H O, and as a hydrogeD 
acid, C5 Og, H. In this last form it connects itself with car- 
bonic oxide as it may be 5 C O + H. The same remark applies to 
another remarkable acid, containing the same elements, namely the 
mellitic «cid. 

Mellitic Acid. C« 0„ H O, or C^ 0« , H. 

This acid occurs combined with alumina, in a very rare mineral, 
probably of organic origin, the mellite or honey-stone. The acid 
is soluble, very sour, ana permanent, not being altered by boiling 
nitric or sulphuric acids, nor by a heat of nearly 680°. The gen- 
eral formula of its salts when dried at 212°, is M 0, C4O4 H, or 
HO, C4O4M. The salt of silver, however, at 212°, loses 1 eq. 
of water, and is left as C4 0|, Aa 0, or, C4 O4, Ag. According 
to the latter formula, the radical m this salt, heated to 212^, is a 
form of carbonic oxide, C4 64=4 C O. 

The crystallized acid C4 O,, H O, or C4 O4 H, appears to unite 
with most bases without the separation of water, generally observed 
when salts are formed. And although the silver salt would seem 
to contain a different radical, yet it yields, when decomposed, the 
original mellitic acid. The mellitate of silver may also be looked 
on as oxalate of silver Ag O, C| O3, plus 2 eq. of carbon in the 
acid Ag 0, C4 O, . 

The mellitate of ammonia, N H4 O, C4 H, , when heated in a 
retort, yields several new and remarkable products. When this 
salt, N H„ H O, C4 0,=C4 H4 N O4 is heated to 320°, it gives 
off ammonia and water, and there remains a mixture of two new 
compounds ; a soluble one, which contains etichronic acid, in com- 
bination with ammonia, and an insoluble one which is called para- 
mide, 

Paramide is a yellow solid, like clay. Its most remarkable 
character is, that when long boiled with water, it is converted into 
bimellitate of ammonia. This is the character of an amide, hence 
its name. The composition of paramide is Cg H N O4 , which 
readily explains both its formation, and its conversion into bimel- 
litate of ammonia. 

If from bimellitate of ammonia, NH«0,C4Qi + HO,C4Qi=sCH«NOy 
we subtract 4 eq. of water . . H4 0« 

there will remain ..... Paramide = CJi N0« 

and of course, when reconverted into bimellitate of ammonia by 
loi^ boiling, it merely takes up again these 4 eq. of water. 

The soluble compound euchronate of anunoma, when its solution 
is acted on by hydrochloric acid, deposits a white crystalline pow- 
der, which is euchronic acid, Cu N O4, 2 H O. Its formation ia 
easily explained ; for 
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if jfrom 8 eq. mellitftto of ammoiiia,= 3 (C« H4 NOJ = Cn Hu N. On 
w% subtract 6 eq. water and 2 eq. ammonia . . = Hu N, 0« 

There will remain anhydrous euchronic acid . = Cm N O « 

We can now see that the action of heat on 1 eq. of mellitate of 
ammonia, gives rise to the following substances : 

2 eq. paramide = Cm H, N, O, 

1 eq. euchronic acid = Cu N 0« 

4 eq. ammonia = Hj, N4 

14 eq. water = H^ 0,4 

7 eq. mellitate of ammonia = Ca H» N, 0» 

When euchronic acid is boiled with water, it is dissolved and 
oonverted into an acid mellitate of ammonia. 

1 eq. euchronic acid = C^ N 0« 

and 6 eq. water = H, 0« 

Together . . Cu H« N O^ are equal to 

3 eq. metallic acid = C^ Ht Ou 

and 1 eq. ammonia = H, N 

Together . . C„ H« N Oj, 

Euchronic acid is deoxidized by a plate of zinc, yielding a 
powder of a fine deep blue color, which dissolves in ammonia, or 
potash, with a splendid Unt of purple. The blue powder is an 
mferior oxide of the same nitrogenized radical, which, combined 
with more oxygen, forms euchronic acid. The whole subject of 
mellitic acid and euchronic acid is most interesting, but melUtic 
acid is so rare that it is very difficult to find material for the inves- 
tigation. As mellitic acid, like succinic acid, is of organic origin, 
and contains only 1 eq. of hydrogen less, and 1 eq. of oxygen 
more than succinic acid, we may hope to be enabled to obtain it 
artificially. 

III. Cyanoobh. C, N = Cy = 26*23. 

This very important compound has already been mentioned as 
a compound of carbon and nitrogen ; but we nave now to consider 
it in its far more important character of a compound radical. In 
fact, it was the first compound radical discovered, and the dis- 
covery of cyanogen by Gay-Lussac has proved more fertile in 
results than any other discovery yet made in organic chembtry. 
As cyanogen acts exactly like an element, we shall represent it by 
the symbol Cy, rather than by C| N ; using the latter only where 
(he elements of cyanogen, and not itself, enter into changes and 
reaetioDs. 

Cyanogen is formed when animal matter is ignited along with 
carbonate of potash in close or covered iron vessels. The cyano- 
gen being a gas, and combustible, would be dissipated, and in open 
1- bumedf were it not that it enters into combination with 
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potassium derived from the carbonate, forming cyanide €i potas* 
aium, K Cj, a salt not altered by a red-heat in close vessels. As 
this salt, however, is decomposed by the action of water, yielding 
carbonate of potash, and of ammonia, hydrogen being set free, 
(K, C, N + 6 H O = K 0, CO, + N H», H 0, C 0, + H), it is 
necessary to convert the cyanide of potassium into a more stable 
compound. 

This is effected by the addition of iron, or of sulphide of iron, 
the latter of which is formed by the mutual action of the sul- 
phate of potash (always present in potashes), carbon, and the 
iron of the vessel. The iron, or its sulphide, is readily dissolved 
by the aqueous solution of cyanide of potassium, yielding cyBnide 
of iron, Fe Cji and sulphide of potassium K S, for K Cy + Fe S 
= Fe Cy -f K S. The elements of the cyankle of iron then form, 
with cyanide of potassium, the very permanent double cyanide, 
well known as prussiate of potash, properly ferrocyanide of potas- 
sium, which forms large and pure transparent yellow crystals. 
From this compound, all the other coili pounds of cyanogen, and 
cyanogen itself are prepared. Its empirical formula is Fe Cy, 
2 K Cy 4- 3 H 0, or Fe K, Cy, -f- 3 H 0. At 2W it loses all 
the water, and then contains only iron, potassium, and cyanogen, 
Fe -f K, + Cy,. It may be conveniently viewed as a compound 
of cyanide of iron with cyanide of potassium ; but we shall see 
hereafter that its rational formula is probably very different, and 
that it is a compound of potassium with a new radical, ferro- 
cyanogen. 

Cyanogen gas is best prepared by heating dried bicyanide of 
mercury, when the gas is given off, a part, however, assuming the 
solid form, and remaining behind as a black matter, paracyanogen. 
Isomeric with cyanogen ; or by heating a mixture of 6 parts dried 
ferrocyanide of potassium, and 9 parts bichloride of mercury, 
when chloride of potassium is formed by the action of the bichlo- 
ride on the cyanide of potassium of the ferrocyanide, and the 
cyanide of mercury, if formed, is at once decomposed by the heat : 
Fe Cy, 2 K Cy 4- Hg CI, = Fe Cy, 2 K CI -f Hg + Cy,. The 
cyanide of iron is not altered. The gas may be collected over 
mercury, but is absorbed by water, with which it produces the 
various changes which have been minutely explained at pp. 21 5 
and 276. It has a very pungent and peculiar smell, fe colorless 
and transparent ; and may be liquefied by a pressure of about 4 
atmospheres. It fe eombustible and bums with a beautiful pink or 
purplfeh flame. 

Cyanogen forms with hydrogen an acid, the hydrocyanic, H Cy ; 
with oxygen and the elements of water, three acids, Cy O, H ; 
Cy, O,, 2 H ; and Cv, 0,, 3 H O ; of which the first is Cjranic, 
the second fulminic, and the third fe cyanuric acid. With chlorine, 
die. it combm c B ; with sulphur, it forms a new radical C^ %, 
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sidpbocTanosen ; and with metals, it forms salts, perfectly analo- 
ffous with chlorides, such as K Cy, Fe Cy, Ag Cy, Hg Cyt, Ac. 
Li short it plays exactly the part of a simple radical, and were it 
not easily decomposable, we should at once class it with chlorine 
as an element. 

OTANOGBN AND HYDROGEN. 

Hydrocyanic or Prussic Acid. H Cy = 27*23. 

This acid may be obtained by a great variety of processes ; but 
the easiest, most economical, and most certain, is to act on the fer- 
rocyanide of potassium with diluted sulphuric add. The process 
requires to be slightly modified, according as our object is to pre> 
pare the dry or anhydrous acid, or the oiluled aqueous solution of 
It used in medicine. 

1. Anhydrous Add, — ^To prepare this acid 15 parts of powdered 
ferrocyanide of potassium are to be distilled at a gentle heat with a 
mixture of 9 parts oil of vitriol, and 9 of water, and the product is 
to be received in a convenient receiver placed in a freezing mixture 
and containing 5 parts of chloride of calcium in small lumps. As 
soon as liquid enough has distilled to cover the chloride, the distil- 
lation is stopped, and the hydrocyanic acid, deprived of water by 
the chloride of calcium, is to be decanted into a dry and well- 
slopped bottle. It may also be obtained by distilling, under sim- 
ilar circumstances, cyanide of potassium with dilute sulphuric acid. 
In both cases, the acid is formed by the reaction of sulphuric acid 
on cyanide of potassium or its elements : K Cy + H, 8 O4 = K, S 
O4 + H Cy. 

Dry hydrocyanic acid is a limpid and colorless liquid, of 
Sp. G. 0*6967 at 66^ ; at 59^ it becomes a fibrous mass, in conse- 

auence of the presence of a trace of water ; and at 80^ it boils ; 
be density of its vapor is 0*9476. It is inflammable, and has a 
very peculiar and disagreeable smell and taste. It is the most 
energetic poison known, one drop introduced into the mouth being 
sufficient to destroy an animal of considerable size. When pure 
it is soon spontaneously decomposed, depositing a dark brown 
solid ; a trace of sulphuric acid causes it to keep perfectly. When 
in contact with the strong mineral acids and water, being converted 
into ammonia and formic acid : H, C|N-f-4H0=:NH|, HO 
+ C, HO,. 

2. Medicinal or Diluted Hydrocyanic Add. — ^This may be pre- 
pared by simply diluting the anhydrous acid with the required 
proportion of water, adding for example, 97 grains of water to 8 
of the acid, to obtain an acid of 3 per cent. ; which is about the 
average strength used in medicine. In round numbers, to one 
part, by weight, of dry acid, 32^ parts of water by weight are to 
be added ; or, to one volume of the anhydrous acid, 221^ volumes 
of water. But as it is troublesome to prepare the anhydroiis acidt 
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it ii best to distil 2 parts of ferrocyanide, with 1 of sulphuric s<»di 
snd 2 of water, to dryness in a chloride of calcium bath, condenuna 
in a Lietug's apparatus, (see wood-cut) in the reoeiTer of whitd 




S more parts of water art placed. By this means we obtain 4) 
parts of an acid not anhydrous, but far too strong for use, contun- 
mg from 15 to 20 per cent, of dry add. Its precise strength it 
ascertained, and it is reduced to the standard strength in Hut 
following simple manner : 

Any convenient quantity, say 60 or 100 grains, is veighed imt, 
being added to a counterpoised vessel, contaimng about two drachnu 
of nitrate of silver, dissolved in 2 or 9 ounces of water. Let as 
suppose that we have dropped into this vessel 70 grmns of onr 
acid. This will be entirely converted into cyanide of silver, but we 
make sure by testing with a drop of nitrate of wlver. The pre- 
cipitate is then collected on a filter, well washed, dried at 212° an 
a weighed filter, and the increase in weight of the filter gives the 
weight of the cyanide of silver formed. Now this cymide is 
formed as follows : H Cy + (Ag 0, N 0.) = A g Cy + (H O, If 
0,). Therefore 1 eq. of hydrocyanic acid, H Cy = 2T'23, pro- 



duces 1 eq. cyanide of nlver, Ag Cy = 134'S4; i 

>us liydrocyanic acid will yield, almost exactly. 



■ I grain of 
anhydrous ^yd^rocyanic acid will yielil, almost exactly, o grains 
of cyanide of silver; for 27-23 : 1S4'54 : : 1 ; 404. We may, 
therefore, safely assume that the weight of the cyanide of silver, 
divided by 5, gives the weight of anhydrous acid present with 
sufficient accuracy for all practical purposes. Now we have 
uaed TO grains of our dilute acid, the strength of which we 
wish to know. Let us suppose that our filter weighs when cmpt^ 
SO grains, and with the cyanide of ^ver, dried at 212° till it 
eoasea to lose weight, 100 grwis. The diflferenoe, or 60 grains, 
is the weight <A c;r^de of silver obtained from TO grains of onr 
and. Dividing tins by fi, we have 16 grains as the weight of an< 
hydrous add contained in the 70 grains, and consequently com* 
bued with £4 of water. 
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Now, if we wish to state the per centage of this acid, we obtain 

it by the calculation, 70 : 16 : : 100 : x. and x = lii-Jl«=22-86. 

so that our acid contains 22*85 per cent, of anhydrous acid. But 
if our only object be to reduce the acid to a standard strength, say 
that of 3 per cent., this last calculation is unnecessary, and we can 
proceed as follows : acid of 3 per cent, contains 3 grs. of dry acid 
and 97 of water; therefore, to find how much water is to be added 

to 16 grs. of anhydrous acid, 3 : 97 : : 16 : x, and x = — = 

o 

51 7 '3 grains of water, which must be added to 16 grs. of anhy- 
drous acid, to bring it to the same strength. But our 70 grains 
of acid contain already, with the 16 of anhydrous acid, 54 grdns 
of water, consequently we have only to add to these 70 grains 
517*3 — 54 = 463*3 grains of water, and the same quantity of 
water for every 70 grams of the same acid. Of course, it is eai^ 
to calculate the water necessary for 1 or more ounces of the acid, 
when we have once found it for any given quantity. I have here 
supposed 70 grains, but with 50 or 100 the calculation is easier, 
and with a drachm by weight (60 grains), we have simple data 
for calculating how much water is required for any number of 
ounces or drachms, troy, of acid. 

This beautiful and simple method of preparing the medicinal 
hydrocyanic acid, and ascertaining its precise strength, has been 
mmutely described, because of its practical importance. It is so 
simple an operation, that any one may very soon learn to ascertain 
the strength of hydrocyanic acid, and it b very exact. Besides, 
DO other method of obtaining a medicinal acid of uniform strength 
ought to be trusted to ; and we ought never to attempt to obtain 
the acid of the standard strength by distillation, although many 
methods are given for this. I have never seen any one of these 
yield twice the same result ; whereas by the above method we can 
prepare acid of exactly the same strength any number of times, 
and the acid prepared from the ferrocyanide, by sulphuric acid, 
keeps perfectly well. Of course, when we have added the calcu- 
lated quantity of water to reduce the acid, it is proper to ascertain 
its strength once more, to make sure that we have made no error 
in our calculation. If it be acid of 3 per cent., it will yield 15 
grains of cyanide of silver from 100 of acid. 

There are two other methods which deserve to be mentioned, as, 
with pure materials and careful manipulation, they yield, in a few 
nunutes, a standard acid. The first b that of Dr. Clarke, who adds 
to 1 eq. cyanide of potassium dissolved in water, 2 eq. tartaric 
nsid, which separates the potassium as cream of tartar, while 
diluted hydrocyanic acid remains dissolved. For every 100 grs. 
of water, 7^ grs. of cyanide of potassium and 16^ of crystallized 
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tartaric acid, are required. This is an excellent extemporaneous 
process, if we have pure cyanide of potassium ; but that salt does 
not keep well, and even in its preparation it is apt to be decom- 
posed, at least partially. It is, besides, an expensive salt. The 
other is the process of Everett, who suspends cyanide of silver in 
water, and adds an equivalent of hydrochloric acid : Ag Cy + 
H CI = Ag CI + H Cy. This is also a good extemporaneous 
process, 15 grs. of Ag Cy being used for every 100 of water, and 
4 grs. of dry H CI, that is, about 12 grs. of acid Sp. G. 1*21, being 
added. This process is also expensive, although the silver is not 
lost ; but the chief objection is, that it is difficult to add the pre- 
cise amount of hydrocnloric acid which is necessary, and that an 
excess causes, pro tanto, a conversion of the hydrocyanic acid into 
formic acid and ammonia. 

The medicinal acid has the smell and taste of the anhydrous, and 
is very poisonous, the average dose safe for an adult being 1 to 2 
drops in a glass of water. It is much used as a sedative and ano- 
dyne, but, unless its strength and dose be perfectly known, it is a 
dangerous remedy. Fatal accidents have occurred from prescrip- 
tions, found, after experience, to act favorably, being made up m 
another place, or by the same druggist with a fresh stock; this 
fresh stock being exactly of the standard strength, while the 
previous acid had lost so much by keeping that the dose had been 
of necessity increased. There, danger actually arose from a too 
weak acid being used. Hence the necessity for the wre&t exactness^ 
for which rules are ^iven above. In cases of poisoning by this 
acid, now unfortunately of very frequent occurrence, there is sel- 
dom time to administer an antidote ; but when life is not extinct, 
we may confidently rely on the antidotes we possess. The best is 
the administration of two solutions, one of mixed sulphate of pro- 
toxide and peroxide of iron, and the other of carbonate of potash, 
as recommended by Messrs. Smith, Edinburgh,* by which the 
acid still in the stomach is rendered insoluble, being converted into 
Prussian blue. The symptoms already produced are best com- 
bated by ammonia inspired from a sponge, or taken, diluted, 
internally, and by other difiPusible stimulants ; also by the cold 
affusion. 

Hydrocyanic acid is very easily recognized by its smell, and by 
its forming Prussian blue if acted on, m solution, successively, by 
proto-persulphate of iron, by potash, and by an excess of hydro- 
chloric acid. The first two tests form the Prussian blue ; the last, 
dissolving the excess of oxide of iron, brings the blue into view. 
Any liqwd, suspected to contain hydrocyanic acid, ought first to 
be distilled with the addition of a little dilute sulphunc acid, and 
the tests applied to the first ounce that comes over. Nitrate ot 

• See "Lttieet," for 1844, toL SL p. 41. 
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silver produces a white cloud of cyanide of silyer, exactly like the 
chloride in appearance. 

Hydrocyanic acid, with metallic oxides, gives rise to water and 
metallic cyanides: H Cy + M O = H O + M Cy: or 2 H Cy + 
M0, = 2H0 + MCy,. 

OTANOOBN AND OXTGBN. 

1. Cyanic Acid. Cy O, H O = Cy O, H = 43-25. 

A monobasic acid ; is formed when dry cyanide of potassium is 
heated in the air, when oxygen is absorbed, and cyanate of potash 
is Droduced : K Cy + O, -f- K O, Cy 0, or K, Cy 0,. 

When a stronger acid is added to this salt, the cyanic acid is set 
free, but immediately decomposes with water, producing ammonia 
which unites with the strong acid used, and carbonic acid which 
escapes asgasiC, NO, H04-2HO=NHj4-2CO,. The 
carbonic acid carries with it a little cyanic acid, which forms dense 
white vapors, and has a pungent acid smell like that of strong 
acetic acid. Under all circumstances, free cyanic acid, in contact 
with water, is instantly destroyed. 

It may, however, be obtained in the anhydrous state, according 
to the formula Cy 0| -f H, or as monohydratcd acid, if viewed as 
Cy 0, H 0, by distiUing cyanuric acid, C, O4 -f- H,, or Cy, 0| 
+ 3 H O. This acid is isomeric ^ith cyanic acid, and when heated, 
1 eq. cyanuric acid splits up into 3 eq. cyanic acid, which appears 
in the receiver as a volatile, pungent, very corrosive acid liquid. 
This acid only keeps for a very short time, even in the freezing 
mixture in which it is condensed. If removed from the cold, it 
soon becomes turbid, then hot, boils violently, and with violent 
shocks, and is converted into a solid dense white body, like porce- 
lab, ^uite insoluble and mdiflferent. 

This is Cyamelide, another isomeric compound, containing the 
same elements in the same proportions, but differently arranged, 
possibly C, 0| + N H ; for it yields, under the influence of water 
and strong acids, carbonic acid and ammonia, (C| 0|, N H + 
2HO = 2CO|4-N H|), just as cyanic acid does. When dis- 
tilled, it is reconverted into cyanic acid, another proof that it is 
isomeric with that acid. 

OYANATES. 

The salts of cyanic acid are all distinguished by the action on 
them of strong acids, which cause disengagement of carbonic acid, 
while ammonia may now be detected in the liquid. The cyanates 
of potash, ammonia, &c., are soluble, those of lead, silver, &c,, 

okuble. 



Cyanate of Potash — Is best formed by the oxidation of Liebig's 
cyanide of potassium,* which may easily be effected by adding 

• Hm IbniMtkn of this salt wiU be dtfcribMl below 
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litharge in proper qtiantity to the melted salt, K Cy + 2 Pb O 33 
K, Cy O, + Pb|. The cooled mass is powdered and boiled with 
alcohol of 80 per cent, which on cooling deposits pure crystals of 
cyanate of potash, very sLmilar to chlorate of potash. Or dried 
ferrocyanide of potassium, mixed with half its weight of peroxide 
of manganese, may be gently heated, spread out on an iron plate, 
when it bums like tinder, partly at the expense of the oxide of 
manganese, partly in the oinrgen of the air. It is well stirred till 
eyery part has glowed, ana the cold mass is treated with alcohol 
as above. 

Cyanate of potash must be kept in sealed tubes, for in phials 
occasionally opened it is soon changed into bicarbonate of potash, 
ammonia being given off: K, C, N 0, -f 3 H = (K 0, 2 C O.) 
+ K Hj. Tnturated with dried oxalic acid, this salt yields oxalate 
of potash and cyamelide. When acetic acid is added to a concen- 
trated freshly made solution of cyanate of potash, the latter being 
in excess, there is deposited the acid cyanurate of potash . 



Cy.O.||^,orCy,0.[f2o 



OTANATE OF AMMONIA. 

a. Basic. — ^When dry ammonia and the vapor of cyanic acid are 
mixed, they form a light white solid, which is a cyanate of ammo- 
nia, containing more ammonia than is required for a neutral salt. 
This salt gives off ammonia when treated with alcalies, and cyanic 
acid when treated with sulphuric acid. But if dissolved in water, 
and the solution digested and evaporated, it yields crystals, which, 
although containing the elements of cyanic acid, ammonia, and 
water, exhibit neither of these characters of a cyanate, but are 
found to possess all the properties of urea, a product of the animal 
system. 

b. Anomalous Cyanate of Ammonia, or urea, C| Nf H4 Oj = (C| 
N 0, H O, N H,). — This remarkable compoimd exists in large 
proportions in healthy urine, and is extracted from it by evaporating 
It about 200^ to a thin syrup and adding about an equal volume 
of colorless nitric acid, Sp. G. 1*35, quite free from nitrous acid, 
which forms a very copious crystallization of nitrate of urea, while 
the coloring matter is destroyed with brisk effervescence. If cold 
be applied, the coloring matter resists, and the nitrate is then very 
dark and very difficult to purify ; cold ought therefore not to be 
used, and the nitrate of urea is deposited nearly white, having only 
a clear yellow tint. It is dissolved in water, after being recrys- 
tallized and neutralized by potash or baryta. The whole is then 
gently evaporated to dryness, after separating as much nitrate of 
potash or of baryta as possible, and the dry mass digested in 
idcohol, which dissolves only the urea, and by spontaneous evapo- 
ntion, yields it in large transporeiit prismatic crystals. Should 
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these not be colorless, the digestion of their aqueous solution with 
a little permanganate of potash, which has no action on urea, de- 
stroys the colonng matter entirely. Should an excess of that salt 
be added, a few drops of alcohol will instantly destroy it, and the 
filtered liquor will yield snow-white crystals of urea. 

But although (irea may thus be obtained (or by the acUon of 
oxalic acid on the urine, which fcoms a sparingly soluble oxalate 
of urea) in an any quantity from urine, it is found much easier to 
prepai'e it artificially from cyanate of ammonia. Liebig recom- 
mends the following process, which I have found to succeed per- 
fectly: 28 parts of dried ferrocyanide of potassium, and 14 of 
peroxide of manganese are mixed in powder and calcined, as 
above described, on a flat iron plate, at a very low red-heat, suf- 
ficient to keep up the glow which takes place. When this is 
over, the cold mass, powdered, is acted on by a moderate quanUtv 
of cold water, which dissolves the cyanate of potash. This is fil- 
tered off and set aside. A fresh portion of cold water being added 
to the powder to wash it, is also filtered, and in this liquid are now 
dissolved 20^ parts of sulphate of ammonia, and the solution is 
added to the first filtered solution of cyanate. A large quantity of 
sulphate of potash is deposited, which is strained off, and the 
filtered liquid now containing, with some sulphate of potash, all 
the cyanate of ammonia, is evaporated to dryness, dunng which 
process the cyanate of ammonia is transformed mto urea. The 
ary mass is digested in alcohol, which dissolves only the lu-ea, and 
yields it from the first chemically pure and in any quantity, if 
the operation be carefully performed. Urea thus obtamed is far 
cheaper than that extracted from the urine. 

The artificial production of urea from cyanate of ammonia 
was discovered by Wohler. It was, with the exception of oxalic 
acid, and of hydrocyanic acid, the first example of an organic 
product artificially formed, although many other cases are now 
Known. 

Urea fonns four sided prisms, resembling nitre in appearance, 
and also in their taste, which is saline and cooling exactly like that 
of nitre. It is soluble both in water and alcohol. When heated, 
H melts, gives off much ammonia, and finally solidifies, being in a 
great measure converted into ammonia and cyanuric acid. 

Urea belongs to the class of organic bases, for it forms crystal- 
lizable compounds with several acids, such as nitric, oxalic, and 
acetic acids. 

The nitrate, when impure, crystallizes in scales of a high lustre ; 
when pure, it forms opaque prisms, or a crystalline powder. It is 

?>aringly soluble in cold water, but very soluble in hot water, 
ormula, (C, N, H^ 0„ H 0, N O,). 

The oxalate forms long transparent prisms, very sparingly solu- 
Ue. Formula, (C, N, H4 0„ H 6, C, O.jrsC^ N, H, O, . 
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The acetate I hare obtfuned, as a mass of prismatic ciystalfl^ 
exceedingly soluble in water. Formula, probably, (C,N, 64019 
H0,C,H,0,)=C.N,H8 0.. 

Although urea combines with pure nitric acid, it is instantane* 
ously decomposed by hyponitrous acid, yielding ammonia, water, 
and equal volumes of carbonic acid and nitrogen gases: C|N| 
H4 O, + N 0,=N H, + H O + 2 C O, + N,. When acted on 
by strong acids or alcalies, with the aid of heat, urea takes up the 
elements of water and forms carbonate of ammonia : Ct N| £[4 0% 
+ 2 H 0=2 (N H,, C 0,). When urine is left in contact with 
the mucus usually suspended in it, the mucus entering into de* 
composition excites in tne urea such a reaction with the elements 
of water, as very soon to convert the whole urea into carbonate of 
ammonia. Hence the reason why urine soon becomes alcaline, 
even if acid when voided. But if filtered from the mucus as 
soon as passed, it keeps unchanged, in clean vessels, for a long 
period. 

2. PuLMiHic Acid. Cy,0,,2HO = Cy,04,H,=86-6. 

A bibasic acid, unknown in the separate form. It is obtained 
in combination with oxide of mercury, or oxide of silver, by treat- 
ing alcohol with the nitrates of these metals, and free nitric acid. 
A violent effervescence takes place, dense white vapors are disen- 
gaged, and a crystalline powder is deposited, which is fulminate of 
mercury or of silver. Both detonate powerfully by heat, friction, 
or percussion. 

In the above reaction there are first formed, on the one hand, 
hyponitrous acid ; on the other, aldehyde, and formic and oxalio 
acids. The fulminic acid is the result of a reaction between oxide 
of ethyle (ether) and hyponitrous acid, in presence of oxide of 
mercury or oxide of silver: 2 N 0| -f (C4 H|) 0=04 Nt Oi + 
5 H 0=Cy, 0„ 2 H -f 3 H O. 

Tiiis acid cannot be isolated, being instantly decomposed when 
depnved of a fixed base. It forms two series of salts; neutral, 
with 2 eq. of fixed base, Oyi O, , 2 MO; and acid with 1 eq. oft 

1 eq. of two different bases, of which one b always easily reduci- 
ble, as oxide of silver, mercury, and copper, while the other may 
be difficult to reduc^, such as baryta, potash, &c. 

The fulminates of silver and mercury, Oyi Ot» 2 Ag O, and 
Cys Of , 2 Hg 0« are examples of the first class. The acid fulmi- 

( H O 
nate of zinc, Cyg 0| •] ^ q formerly supposed to be fulminic acid, 

is an example of the second ; and the double fulminates of copper 

and silver, and of potash and silver, Cyt Ot 'j ^ q and Oyt Ob 
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<< ^ Q are examples of the third. No neutral fulmmates exist with 

2 eq. of a difficultly reducible oxide, such as potash, soda, baryta, 
Ac. : nor do any acid fulminates occur with such bases. These 
very remarkable facts evidently point to some relation, not yet 
imderstood, between the oxygen of the base in a salt and the acid 
of that salt. Of course all the above formulae may be written 
according to the theory of compound radicals and hydrogen acids. 

To prepare the fulminate oi mercury, which is much used for 
percussion caps, 1 part of mercury is dissolved in 12 parts of nitiic 
acid, Sp. G. 13*6 ; 11 parts of alcohol at 80 per cent, are added, 
and the whole is warmed. A brisk reaction soon ensues, very 
thick white vapors are given off, and the salt is deposited in crys- 
talline grains, mixed with a little metallic mercury. This salt 
explodes by friction, by percussion, or by heat, and it is a danger- 
ous product, exploding occasionally without apparent cause. An 
explosion of this nature, not long since, destroyed the distinguished 
chemist, Mr. Hennell, who Vas preparing a large quantity in the 
open air. The fulminate of silver is prepared in the same way, 
cmly with 10 parts of nitric acid and 20 of alcohol. Caustic 
alcalies precipitate from its solution half the silver, forming double 
fulminates; and chlorides also only precipitate half the silver. 
Nitric acid, added to the solution, causes a deposite of acid fulmi- 
nate of silver, Cy, 0, | ^^^^ or Cy, 0^ | J 

Hydrochloric acid add^ to fulminate of silver, gives rise to 
water, chloride of silver, hydrocyanic acid, and a new acid, chlo- 
rohydrocyanic acid, C, N Cl„ H,. Thus, C^ N, O,, 2 Ag O -f 
7HCl = 4HO-f2AgCl-t-C,NH-fC, N Cl^, H,. 

3. Cyahuric Aero. Cy, O, , 3 H O =2 Cy, O. , H, = 126-76. 

A tribasic acid discovered among the products of the distilladon 
of uric acid. It is formed when solid chloride of cyanogen, Cyi 
CI,, acts on water : Cy, CI, + 6 H = 3 H CI + Cy, 0,, H,. It 
is also formed when urea is heated so as to expel its ammonia. 
According to what has been stated of the composition of urea, it 
ought to yield cyanic acid when deprived of its ammonia ; but at 
that temperature 3 eq. of cyanic acid, 3 Cy 0, H 0, coalesce to 
form 1 eq. of cyanuric acid, Cy, 0,, 3 H O. When, again, ascetic 
acid is added to cvanate of potash, in quantity insufficient to 
decompose the whole, there is deposited a salt which is an acid 

cyanurate of potash, Cy, Oi I o ti o 

Finally, cyanuric acid is obtained by dissolving melame, amme- 
Une, ammelide and melamine (see those substances) in sulphuric 
acid, and diluting and heating the solution, until it yields no pre- 
cipitate with ammonia. On evaporation and cooling, the add 
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forms prismatic crystals, which are Cyi Oj, 3 H + ^ aq* When 
dissolved in hot nitric or hydrochloric acid, it is deposited, on 
cooling, in anhydrous octahedrons. When it has been prepared 
by heating urea, it is purified by dissolving it in oil of vitriol, and 
adding nitric acid, drop by drop, till the color is entirely destroyed. 
An equal bulk of water is then added, and on cooling, pure cjtm- 
uric acid is obtained in crystals. 

Cyanuric acid has a weak acid taste, and is sparingly soluble in 
cold water, more soluble in hot water. Unlike cyanic and fulminic 
acids, it is very permanent in the uncombined state. When heated 
m close vessels, it is entirely volatilized in the form of cyanic acid, 
of which 3 eq. are exactly equal to 1 eq. of cyanuric acid. 

As cyanuric acid is formed when urea (cyanate of ammonia) is 
decomposed by heat, and when cyanate of potass is acted on by 
acetic acid, and as cyanuric acid, when heated, is resolved into 
cyanic acid, we have every reason to think that in the former cases 
3 eq. of cyanic coalesce to form one of cyanuric acid ; and that, 
in the latter case, 1 eq. of cyanuric acid is broken up into 3 eq. 
of cyanic acid : 3 (Cy 0, H O) = Cy, 0,, 3 H O. 

Like other tribasic acids, cyanuric acid forms three series of 
salts, according to the formulae : 

Salt with 1 eq. of Brit wiUi S eq. of 8att with S eq. fif 

Hydrated Acid. dxed base. fixed beae. fixed baae. 

Cy.0„3H0. Cy.0.J5^jfQ ^y'^^JnO.^ Cy.0.3Ma 

The salts with 1 and 2 eq. of fixed base are acid ; that with 3 eq. 
is neutral. With potash and other similar oxides, only the two 
acid salts are known : with oxide of silver, the salts with 2 and 8 
eq. of oxide. 

The three following salts, namely, 

Qranate of i^ilver. Fulminate of Silver. Cyaoorate of SilTer. 

CfyO,AgO; Cy,0„2AgO; Cy, 0„ 3 Ag O, 

have exactly the same composition in 100 parts; and yet they are 
in properties entirely dissimilar ; this can only be accounted for by 
some such difiference in their formtdae as is exhibited above. The 
acids of these salts are all mutually convertible ; for when fulnu- 
nate of silver is decomposed by a salt of ammonia, the fulminate 
of ammonia is transformed, like the cyanate, into urea ; urea, when 
heated, yields cyanuric acid ; and cyanuric acid, when distilled, is 
transformed into cyanic acid. All these circumstances favor the 
belief that all three are compounds* of cyanogen, and that they 
differ in the absolute number of equivalents of their elements. 

Cyamelide. CO,+NH? 

But this is not the end of these transformations, for when cyanie 
acid is left to itself it becomes turbid and hot, and is soon convert- 
ed with great heat» into an opaque white solid body, cyamelidi^ 
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wUoh has no acid properties ; and which is also obtained as 
a white insolable powder, when fused cyanate of potash is tritn* 
taled with dried oxalic acid, in which case oxalate of potash is 
formed, and the cyanic acid, at the moment of being set free, is 
transformed into cyamelide. Cyamelide is neutral and insolu- 
ble in water and acids. It dissolves in aqua potassse, ammo- 
nia bein^ evolved, and the solution yields cyanurate of potash. 
Heated by itself it yields cyanic acid, which again passes into 
cyamelide ; and when heated with strong sulphunc acid, it forms 
solphate of ammonia, while carbonic acid escapes: this action is 
identical with that which occurs when cyanic acid is acted on by 
water and by acids. All these observations prove that cyamelide 
is another isomeric modification of cyanic, fulminic, or cyanuric 
acid. Its probable formula is C| Of -f- N H, and this, witn 2 eq. 
H O, yields bicarbonate of ammonia, just as cyanic acid, the for- 
mida of which is the same, does. The action of potash is proba- 
bly this : 4 (C, O, N H) + 8 H + 4 K = C, N, Oe, I ^ ^^ 

+ 2 K 0, C Ot + N H, ; that is, 4 eq. cyamelide, 3 eq. water, 
and 4 eq. potash, yield 1 eq. cyanurate of potash, 2 eq. carbonate 
of potash, and 1 eq. ammonia. 

The three oxygen acids of cyanogen may be fitly compared with 
the three phosphoric acids ; and as we have hitherto made use of 
(he older view of these acids, that which makes them hydrated 
oxygen acid, we shall in this comparison, adopt the other theory, 
and speak of them as hydrogen acids. 

HooobMic. BIbMtc. Tribufie. 

Acids of cyanogen, CyO.+H Cy,04 + H, Cy,0.+H, 

Adds of phosphorus, P, 0,+H P, Or+H, P, O.+H, 

In the cyanic acids, both the radical and the replaceable hydro- 

ri being doubled and trebled, the capacity of saturation increases 
the same ratio. In the phosphoric acids, the capacity of satu- 
ration also increases with the replaceable hydrogen, but a great 
addition to the radical has no corresponding effect in increasing 
either the replaceable hydrogen or the neutralizing power. Thus, 
if to tribasic phosphoric acid Ft Og 4- H, we add 2 eq. of P, 0, 
= Pi 0,o, we obtain P, 0„ + H, = 3 (P, 0^ 4- H) ; that is, the 
acid becomes monobasic, but the quantity of base neutralized is 
the same after that addition as before. Notwithstanding this dif- 
ference, however, the analogy between the monobasic, bibasic and 
tribasic acids of cyanogen and phosphorus, as well as that between 
their salts, is most interesting and worthy of attention. As we 
believe that the phosphoric acids contain three diffei'ent radicals, P| 
O4, P| O7, and P| Og, so we may admit that the three cyanic acids 
have each a distinct radical ; only in this case the three radicals are 
alike in composition, and differ in their relative weight : the first 
being Ot N = Cy ; the second C4N, = Cy,; and the third C« Nt 

5 



66 MSLLONB. 

s Cji ; or, in other words, these radicals are cyanogens, differing 
in molecular constitution, or three different allotropic forms S 
cyanogen. The relations of chlorine to cyanogen, and the exist- 
ence of paracyanogen, countenance this idea. 

CYANOGEN AND NrTROOEN. 

Mellone = Cy, N = C, N* = Me = 93. 

Cyanogen, when it combines with nitrogeji in the proportion of 
3 eq. Cy to 1 eq. N = Cs N4, produces a very remarkable com-> 
pound, discovered by Liebig, and called mellone, which being 
Itself a well-marked compound radical, will be described as such* 
and not as a compound of cyanogen and nitrogen. 

CYANOGEN AND CHLORINE. 

Cyanogen forms two chlorides : one gaseous, but compresable^ 
obtained by the action of chlorine gas on dry hydrocyanic acid ; 
the other solid, formed by a spontaneous transformation of the 
former when kept in the liquid form in sealed tubes. Both are 
volatile and both contain cyanogen and chlorine, equivalent f<nr 
equivalent. But the vapor of the solid chloride is three times 
denser than that of the other ; and, moreover, the solid chloride, 
in contact with water, produces hydrochloric and cyanuric acids; 
while the gaseous chloride, under the same circumstances, gives 
rise to hydrochloric acid, and cyanic acid, the latter with water, at 
once passing into bicarbonate of ammonia, so that the final result 
is sal ammoniac and carbonic acid. 

These considerations prove that the two chlorides are isomeric ; 
that the first or gaseous chloride is Cy CI ; and that the solid chlo- 
ride is Cyi Cl| , and is formed by the junction into one group of 8 
eq. of the other ; and we are consequently justified in extending 
this view to cyanic and cyanuric acids, and in supposing the vapor 
of the latter to be three times more condensed than the vapor of 
cyanic acid ; and the cyanogen of cyanuric acid to be the cyano- 
gen of the solid chloride, and three times denser than ordinaij 
cyanogen. 

CYANOGEN WrTH BROMINE AND IODINE. 

With these elements cyanogen readily combines when cyanide 
of mercury is distilled with bromine or iodine. The bromide and 
iodide are both volatile, and crystallizable, pungent and poisonous. 

To judge by the density of their vapors, these compounds are 
Cy Br and Cy I, corresponding to the liquid chloride, which is also 
Tery pungent and irritatmg to the eyes. 

CYANOGEN AND SULPHUR. 

Bisulphide of Cyanogen. Cy S, = 68-6 

When sulphocyanide of potassium, (see that salt), is acted on bj 
chlorine or by dilute nitric acid, there is obtained an oninge-yelloir 
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powder, which contains sulphur and cyanogen, and which is sup- 
posed by some to be bisulphide of cyanogen, by others to contain 
hydrogen. This question will be consider^ hereafter, for whether 
this be so or not, there is a compound, possibly that compound, of 
sulphur and cyanogen, which acts as a radical, and is hence called 
sulphocyanogen. It will be described separately, since it is far 
more important as a radical than as a compound of cyanogen. 

CTANOOEN AND MBTALS. 

With metals, cyanogen forms compounds which in many cases 
are analogous to the chlorides of the same metal. When the metal 
is easily reducible, such as silver, mercury, or palladium, the 
cyanide is formed by the action of hydrocyanic acid on the oxide, 
or its salts: M O + H Cy = H O + M Cy. In the case of diffi- 
cultly reducible metals, such as potassium, hydrocyanic acid seems 
to combine with the oxide, not being able to reduce it, until another 
oyanide is added, which tends to form a double cyanide. 

Cyanide of PoUutium = K Cy — Is best formed by heatmg to 
whiteness in close vessels the ferrocyanide of potassium, a salt 
which may be viewed as containbg cyanide of iron and cyanide 
of potassium. The former is converted into insoluble carbide of 
iron; the latter remains unchanged, and may be mechanically 
picked out, or dissolved by hot alcohol of 60 per cent., which deposits 
It on cooling. Or, an alcoholic solution of pure and dry hydro- 
cyanic acid is added to an alcoholic solution of potash ; or, lastly, 
the vapors of hydrocyanic acid, formed on the process given at p. 
296, are conducted into an alcoholic solution of potash, kept cool, 
when the salt is deposited. 

It is white, and crystallizable in iubes. It has no smell when 
pure, but when exposed to moist air, smells of hydrocyanic acid. 
It is very pdsonous. When heated it fuses easily, and is not 
altered by heat in close vessels. Heated in the air it absorbs 
oxygen, and is converted into cyanate of potash, K Cy -f Ot = 
K O, Cy O. It is very soluble and deliquescent, and its solution, 
attracting carbonic acid from the air, gives off hydrocyanic acid : 
hence its smell. 

Cyanide qf Sodium — Is analogous to the preceding salt. 

Cyanide of Zinc, Zn Cy — Is obtained by adding hydrocyanic 
acid to acetate of zinc. It is a snbw-white insoluble powder, which 
is used in medicine. 

Cyanide of Iron. — Protocyanide of iron, Fe Cy, has not been 
isolated. There appears to exist a percyanide, also not yet isola- 
ted, Fct Cyt; and, according to Pelouze, there may be obtained 
an intermediate cyanide, Fci Cy^, analogous to the magnetic oxide 
of iron, as a green powder. 

But although the cyanides of iron are little known, there are 
■ome very important compounds, especially those of two radioal^ 
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which contain those elements, nftmely, cyanogen and iron, aloii^ 
with hydrogen, and with metals. These will be described aftet 
we have gone oyer the simple cyanides of the metals. 

Cyanide of Cobalt, Co Cy — Is obtained as a brownish whitd 
precipitate, by adding hydrocyanic acid to the acetate of coball; 
Cobalt also forms compounds analogous to those of iron abore 
alluded to, mih cyanogen, &c, 

Bicyanide of Mercury, Hg Cy, — Is easily obtained by dissolving 
red oxide of mercury m very dilute hydrocyanic acid, till the smeu 
of the acid is destroyed. The liquid, rendered neutral, if neces- 
sary, by a few di-ops of hydrocyanic acid, yields fine crystals, on 
evaporation and coc^ng. Or it may be made by the action of 
three parts of persulphate of mercury on two of ferrocyanide of 
potassium dissol? ed in fifteen of hot water, which is boiled and 
filtered, and the filtered liquid on cooling deposits the bicyanide. 

It forms regular prismatic crystals, permanent in the air, of A 
horrible metamc taste, soluble in water and alcohol. It is used 
for making cyanogen, also to prepare hydrocyanic acid by one 
process, and to yield the bromide and iodide of cyanogen. 

Cyanide of Silffer, Ag Cy. — Formed by the action of hydro- 
cyanic acid or cyanide of potassium on nitrate of silver. It is 
exactly similar to the chloride, white, curdy, insoluble in water or 
acids, soluble in ammonia. It is decomposed by hydroehlorie acid* 
yielding hydrocyanic acid. 

Cyanide of Palladium, Pd Cy. — The affinity of cyanogen for 
palladium is most powerful, and hydrocyanic acid, or a soluble 
Cyanide, when added to a salt of oxide of palladium, precipitates 
the cyanide as a gray powder. This property serves for separa- 
ting palladium from other metals. 

Cyanides of Chid. — The protocyanide, Au Cy, is formed b? 
adding cyanide of potassium in excess to protochloride of gokC 
till a clear solution is formed, and then adding hydrochloric acid, 
which precipitates the protocyanide as a bright yellow powder, 
very permanent, and soluble in cyanide of potassium. 

The tercyanide, An Cy,, is formed by the action of cyanide of 
potassium on terchloride of gold, and appears as whitish-yellow 
precipitate, soluble in cyanide of potassium, insoluble in acids. 

DOUBLK CTAKIDES OF THB METALS. 

The insoluble metallic cyanides, such as those of iron, cobalt, 
copper, silver, gold, platinum, and others, dissolve readily in 
eyanide of potassium, or sodium, forming crystallizable double 
cyanides, which are not affected by soluble carbonates nor by 
chlorides, but are generally decomposed by acids, which precipi- 
tate the insoluble cyanide. If these double cyanides, which may 
be 2 K Cy + ni Cy (m Cv, being an insoluble metallic cyanide), are 
idded to the solution of the oxide of another metal forming abo 



ift iBsolable ejaoide, tbU latter metal takes the plaoe of the 
potasshun, and a new double insoluble cyanide is the result Thus, 
(2 K Oy + m Cy) + 2 M O = 2 K + (2 M Cy + m Cy). (Here 
an may be iron and M copper or lead). Now, as these double 
cyanides, thus precipitated, are of various and often characteristie 
colors, the ferrocyamde of potassium, 2 K Cy -f Fe Oj, is extea- 
•lYely used as a test for metals. 

The piotoeyanide of iron, the percyanide of iron, the percyanida 
of cobalt, and perhaps some others, not only form double salts with 
the elements of cyanide of potassium, but also produce very 
remarkable acids, by combining with the elements of hydrocyanic 
4dd, that is, with hydrogen replacing the potassium of the doubla 
salt. Thus ferrocyanie acid is 2 H Cy + Fie Cy, and so on. In 
these compounds the hydrocyanic acid is no longer poisonous, and 
it IB therefore h^hly probable that these acids, and their corres- 
ponding salts, redly contain new and very peculiar radicals. The 
atsumption of these radicals will alone enable us to classify or 
remember these compounds. 

IV. Ferrocyanogen. Cy,Fe = Cfy = 106-87. 

We assume, then, the existence of thb radical as the basis of 
ferrocyanide of potassium, or prussiate of potash. It is bibasic, 
combining with 2 eq. of hydrogen or of metals. The foUowmg 
formulae expresses the composition of feirocyanic acid, and of 
ftrrocyanide of potassium, dtc. 

ferrocyanie acid = Cftr, H, = Cy, Fe, H, = 2 H Cy 4- Fe Cy. 

Perroeyanide of poUssinm = Cfy, K,=rCy, Fe, K,=:2 K Cy + Fe Cy. 
« « iron =3Cfy, Fe* = 3Cy, Fe, Fe* = 9 Cy + 7 Fe. 

It will be seen, by the two first compounds, that we may con- 
sider them either as compounds of the radical Cfy with hydrogen 
or metals, or as double cyanides. In the third, which is the form- 
idsB of Prussian blue, we see that the iron exists in two different 
states, in one of which it cannot be detected by the usual tests. 
That form is the radical Cfy, which exists also in the two preced- 
ing compounds. 

Ferrocyanie Acid. Cfy, H,= 107-87. 

This very interesting compound is obtained by mixfng a cold 
•aturated solution of ferrocyanide of potassium with one-quarter 
ita volume of strong hydrochloric acid, and, agitating the mix- 
tpre with half its hvSk of pure ether : the ether nses to the surface, 
^sanying with it, suspended, a white crystalline substance, which 
when washed with ether and dried, is ferrocyanie acid. It is so- 
luble in water and alcohol, has a decidedly acid taste and reaction, 
•nd decomposes the alcaline carbonates, forming with carbonate 
of potash tne ferrocyanide of potassiym. The production of thif 
JBfUDpouiid by the action of hydrochloric acid on ferrocyanide of 
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potassium is rerj easily explained : Cfy, E| + 2 H 01 =? Cfj, H| 
+ 2KC1. 

Although this compound may be represented as a comUnatkm 
of cyanide of iron with hydrocyanic acid, Fe Cy + 2 H Cy, there 
is every reason to believe that it contains no hydrocyanic acid, as 
such. For not only is it far more strongly acid, (and protocyanide 
of iron cannot be supposed to give acid properties to hydrocyanic 
acid,) but it is totally destitute of all poisonous properties, for both 
it and its salts may be taken internally without farther effect than 
the laxative action common to most neutral salts. 

Ferrocyanic acid, being bibasic, forms two kinds of salts: in 
the first the 2 eq. hydrogen are replaced by 2 eq. of potassium, 
sodium, &c. ; in the second they are replaced by equivalents of two 
different metals, such as potassium and barium. An example of 

the first class is, Cfy + K, ; of the second Cfy < ^ Of all these 

compounds, by far the most important is the ferrocyanide of potas- 
sium, or prussiate of potash, from which all the compounds of 
cyanogen may be prepared, and which is manufactured on the 
large scale, being also used in the arts. 

J^errocyamde of Potasdum, Stn. Prussiate of Potash, — Anhy- 
drous, Cfy K„ 18417. Crystallized, it is Cfy, K, + 3 H O = 211-2. 
This valuable salt is prepared by infusing animal matter, such m 
dried blood, hoofs, hair, horns, &c,, or the animal charcoal re- 
maining after such matters have been distilled, to obtain carbonats 
of ammonia, with potashes or pearlash in iron vessels, as long m 
eas is disengaged. The melted mass is then withdrawn from the 
fire, and when cdd, lixiviated with water, the solution digested with 
the insoluble part, filtered and evaporated, when it deposits, on 
cooling, yellow crystals ; which by a second solution and crystal- 
lization become quite pure. 

The essential points of this process are, first, the presence of as 
much nitrogen as possible in the animal matter: hence, fresh» 
dried, uncalcined animal matter is far preferable to animal char- 
coal. Secondly, the presence of metallic iron, or sulphide of iron : 
the former is either directly derived from the vessels, which are 
rapidly corroded, or added as filings ; the latter is formed from 
the iron of the vessels by the action of bisulphide of potassium, 
which arises from the decomposition, by charcoal at a red-heat, of 
the sulphate of potash contained in the potashes or pearlash; 
hence, pure carbonate of potash is not aaapted to this process. 
Thirdly, the exclusion of the air as far as possible, in order to 
prevent the oxidation and destruction of the cyanide of potas- 
sium formed. 

The explanation of the process is very simple and beautiful, and 
we are indebted for it to the researches of Liebeg. When animal 
natter Is heated along with potash, cyanogen is ronned, and com- 
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Uning with the potassium, (set free at the same time by the action 
of carbon on potash) produces cyanide of potassium, a salt which 
is not decomposed by a red-heat in closea vessels. At the same 
time, metallic u-on and sulphide of iron are present in the mixture, 
but not a trace of the ferrocyanide, previous to the action of water, 
for the very obvious reason, that the ferrocyanide is decomposed 
by a red-heat into cyanide of potassium and carbide of iron, nitro- 
gen being disengaged. 

If the coolea mass be now digested in water, the cyanide of 
potassium dissolves either the metallic iron with disengagem'^nt of 
nydrogen, or the sulphide of iron, and the filtered liqmd now con- 
tains the ferrocyanide. 

Direct experiments have shown that cyanide of potassium dis- 
solves eithef iron, oxide of iron, or sulphide of iron, producing the 
ferrocyanide, 3 K Cy + Fe -^ H O = (2 K Cy + Fe Cy) + K O 
+ H; or, 8 K Cy -t- Fe S = (2 K Cy + Fe Cy) -t- K 8. And it 
has also been shown by Liebig that if the fused mass be lixiviated 
with alcohol, the residue, when treated with water, yields no 
ferrocyanide, while the alcohol contains none, but only cyanide of 
potassium. 

Taking these facts into consideration, perhaps the best method 
would be to use pure carbonate of potash, free from sulphate, by 
which means no sulphide of potassium would be formed, and the 
iron vessels would not suffer as they now do. The cyanide of pot- 
assium, being dissolved in water and filtered, should then be 
placed in contact with iron turnings, in flat open vessels, when the 
wird part of the potassium being ondized by the air, the iron 
is rapidly dissolved, and a quantity of ferrocyanide obtained equa) 
to that indicated by the cyanide of potassium present. 

The ferrocyanide of potassium forms large honey-yellow, trans- 

Sarent, flat, quadrangular prisms, derived from a rhombic octahe- 
ron. It is very soluble in water, and forms precipitates in almost 
all metallic solutions, many of which are characteristic. Thus 
with solutions of zinc and lead it gives a white precipitate, with 
those of copper a chesnut-brown, with those of peroxide of iron a 
deep blue, with protoxide of iron a pale blue, with those of barium 
and calcium whitish-yellow crystalline precipitates. The lead pre- 
cipitate is Cfy, Pb| ; that of copper, Cfy, CUf ; those of barium and 

calcium. Cfy | g^ and Cfy | ^^. and that of zinc, 2 Cfy -|- j |"» 
+ 6 aq = Cfy, Zn, -(- Cfy j ^^ + 6 aq. That of protoxide of 

iron is 2 Cfy | ^* = Cfy, Fe, -f Cfy | ^ All of these formulae are 

easOy referred to the general formula of the ferrocyanides, Cfy, M,. 

Jrerroeyanide of Inm, — But the most remarkable of all these 

owipwindiii IB thAt formed with penaltt of inm, namelyt FroBkmk 
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blue. It is produced when fierrocjanide of potassium comes ia 
contact Tfith perchloride, or any salt of peroxide of iron. Now as 
ferrocyanogen is a bibasic radical, 1 eq. of it corresponds with 2 eq. 
of potassium, hydrogen, oxygen, chlorine, &c, ; and as perchlorids 
of iron, Fei 01,, contains 3 eq. of chlorine, 1^ eq. of ferrocyanide 
of potassium will be required to decompose 1 eq. of it, or, to 
avoid fractions, 3 eq. of ferrocyanide, Cfyi E^ = 3 Cfy, Kt , are 
required for 2 eq. perchloride of iron, 2 Fe, Cl| = Fe4 CI,. The 
result is, Cfy, K, + Fe4 CI, = 6 K CI + Cfy, Fe^ ; and this last 
is the true formula of Prussian blue, although, from its tendency 
to combine both with ferrocyanide of potassium and with oxide at 
iron, its analysis offers great difficulties. The formula Cfy, Fe^, 
or Fe4 Cfy,, shows that Prussian blue corresponds to peroxide 
and percldoride (sesquioxide and sesquichloride) of iron, Fet 0$ 
and Fe, CI,, for Cfy being bibasic k equivalent to CI, or 0|, and 
consequently Fe4 Cfy, is equivalent to Fe4 01, or Fe4 O,, that js 
to 2 Fe, 01, and 2 Fe, O,. It must be admitted to be a very 
strong argument in favor of the existence of ferrocyanogen, as n 
bibasic radical, according to the theory of Liebig, that Prussian 
blue, in all other theories, the most complex and anomalous com- 
pound in the whole range of chemistry, becomes quite normal and 
one of a series. 

Ferrocyanide of potassium is employed to yield cyanogen and 
all its compounds.* We have already seen how cyanogen, hydro- 
cyanic acid, cyanide of potassium, cyanate of potash, urea, cyanio 
and cyanuric acids, and ferrocyanic acids are obtained from it. 
Cyanide of potassium, for testing, and to be used as a flux and in 
analysis, is best prepared, according to Liebig, by heating 6 parts 
of the dry ferrocyanide with 3 of pure carbonate of potash m aa 
iron vessel till the fused mass is colorless. It is then poured off 
from the sponge of reduced iron, and kept in well-stoppered bottles. 
The reaction is as follows, (representing the ferrocyanide, for conve- 
nience, as a double cyanide of iron and potassium) : 2 (Fe Cy, 2 
K Oy) -I- 2 (K 0, O,) = Fe, -t- 5 K Cy -t- K O, Cy -I- 2 O,, 

* The new fl^powder which has been noticed in most of the joarnals of 
^e day, is a mixture of ferrocyanide of potassium, white sugar, and chlorate 
of potassa. The best proportions in wiiich they should be mixed, acoord- 
iQg to M. AcoENDaK, {Camptes Rendo%^) are : 

Pulverized ferrocjaDide of potassium, 1 part, 

** white sugar, 1 part, 

** chlorate of potassa, 2 porta. 

Tie ingredients are pulverized separately and then mixed. Ijiis powder 
possesses greater force than gunpowder, but it will not be likely to come into 
general use, as it exerts an erosive effect upon iron, and is greatly liable to 
spontaneous inflammation. All mixtures mto which chlorate of potassa 
enters are dangerous, from the great tendency this salt has to ignite with 
eombustible materials. The above powder, therefore, although highly recom- 
> mended by H AuourMUB, is dangeronS) and ^ould not be mannfacttured or 
k^ m larfi qijaotiUw & 
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Hence the resulting salt contains 1 eq. cyanate of potash to 5 eq. 
cyanide of potassium. This very useful preparation, known as 
Laebig's cyanide of potassium, is not quite pure, containing cyan- 
ate of potash : but this does not interfere with its use. 

Another very remarkable compound is produced by the action 
of a current of chlorine gas on the solution of ferrocyanide, if 
transmitted until the solution ceases to produce Prussian blue with 
perchloride of iron, yielding only a brownish-green color, but no 
precipitate. The liquid now gives, on evaporation, beautiful deep 
nyacinth-red crystals of a new salt, the ferridcyanide of potassium, 
discovered by Gmelin. This salt contains a new radical, ferrid- 
oyanogen. 

V. FKaBiDCYANOGKH. Cy, Fe, = Cfdy =211-74. 

This radical has not yet been isolated. It is formed by the 
coalescence of 2 eq. of ferrocyanogen, and is tribasic. It forms 
an acid with hydrogen, and salts with metals. 

Perridcyanic Acid, (Cy, FeJ + H, = (2 Cfy + HO = Cfdy, H, = 214-74. 

This acid is obtained from the lead salt Cfdy, Pbs , by the action 
pf sulphuric acid. It is soluble in water, and by the action of 
sulphuretted hydrogen is converted into ferrocyamc acid : 2 Cfy, 
^ + U S = 2 (Cfy, Ha) + S. With bases it forms salts; as with 
potash the ferridcyanide of potassium. 

Ferridcyanide if Potassium, Syn. Bed Prussiate of Potash, — 
Its preparation has been described above. Its formula is 2 Cfy + 
Ki = Cfdy, Ki; and it is quite anhydrous. Like the yellow 
prussiate, it forms precipitates with most metallic solutions, many 
of which are characteristic. With salts of peroxide or with per- 
chloride of iron, it only strikes a brown or green color, but with 
protochloride or salts of protoxide, it forms Prussian blue. As the 
radical is tribasic, 1 eq. of it ought to be equivalent to 3 eq. of 
oxygen, chlorine, <&c. ; and if we suppose the potassium in the 
ferridcyanide replaced by its equivalent of iron, we should have 
Cfdy, Fe, = Fe, Cy.; for K, Cfy, + 3 Fe = Fe, Cfy, -|- 3 K 
0; and Fe, Cfy, = Fef Cvs. But, instead of this compound, 
there is formed Prussian blue, the same we have above described 
aa being formed by the action of yellow prussiate or peroxide of 

COD. 

In fact, when the red prussiate is added to a solution of a 
aalt of protoxide, or to protochloride of iron, yellow prussiate it 
formed along with Prussian blue and a salt of potash. Bearing in 
mind, as in all the above explanations, that 1 eq. ferrid cyanogen 
Cfdy is equal to 2 eq. ferrocyanogen Cfy, and that, consequently, 
the red prussiate, Cfdy, K, , may be equally well represented as 2 
Cfy,.K,, then we have 2 (2 Cfy, K,) + 4 (Fe O, S 0,) = (3 Cfy 
+ Fe,) + (Cfy, K.) +4 (K 0, S 0,). 
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The fenidcyanide of potassium may be viewed as fenx>cyanid€ 
of potassium, plus a certain amount of ferrocyanogen : 2 (Cfdy, 
K,) = 3 (Cfy, K,) + Cfy. 

With salts of lead, fenidcyanide of potassium forms the fenid- 
cyanide of lead, Cfdy, Pb, . 

VI. CoBALTOCYANOGEN. Cy, Co, = Cky =216*62 * 

Not yet isolated, but known in combination with hydroseiv 
potassium, <fec. It is analogous to fenidcyanogen in constitutioii* 
and like it, is tribasic. 

Cobaltocyanic Acid, Cky H| = 219'52. — Obtained by the action 
of sulphuric acid on cobaltocyanide of lead, Cky, Pb|. It forms 
silky filaments, which are deliquescent and strongly acid. 

Cobcdtocyanide of Potassium, Cky, K. — Is obtained by acting on 
a salt of oxide of cobalt with solution of cyanide of potassium and 
hydrocyanic acid, when hydrogen is given off and the new salt ii 
obtained in crystals. The protocyanide of cobalt, precipitated on 
the first addition of cyanide of potassium, redissolves in an ezceat 
of that salt, forming a compound, 2 Co Cy -f- K Cy, or 2 Co Cy + 
8 K Cy. At all events, there is enough of cyanide of potassium 

g resent to form the latter compound. The hydrocyanic acid, 
eing now added, yields 1 eq. of cyanogen, converting the 2 eq, 
of protocyanide into 1 eq. of sesquicyanide of cobalt, while hydro- 
gen is given off: 2 Co Cy + H Cy = Coi Cy, + H. Lastly, tin 
sesquicyanide Coi Cyi , with the 3 eq. of C3rai:dde of potassium, 8 
K Cy, produces the cobaltocyanide of potassium, Cye C0| + K« 
= Cky, K] . The crystals are isomorphous with Uiose of the red 
prussiate of potash ; they are yellow, soluble ; their solution is not 
altered by acids, and gives, in solution of protoxide of cobalt, a 
beautiful rose-colored precipitate, anal(^ous probably to Prussiaa 
blue ; possibly, however, it may be Cky, Co, . It precipitates 
many other metallic solutions, such as those of lead and silver. 

Cobaltocyanide of potassium is a sin^larly permanent salt* 
resisting the action of the strongest acids ; which is, in itself, a 
sufficient proof that it cannot contain cyanide of potassium as suck. 
With the salts of nickel it forms a &rreen precipitate, Cky, Nit, 
which is insoluble in boUing -dilute acids. This property has been 
applied by Liebig to the separation of cobalt from nickel in analy- 
sis. All other metals being removed, an excess of potash is fint 
added, and then hydrocyanic acid till the precipitate at first formed 
is dissolved, and the whole is then boiled. Hydrochloric acid is 
now added, and if no nickel be present, it produces no change, 
because it has no action on cobaltocyanide of potassium. Bat 
if nickel be present (of course by this time as cyanide) it is 
converted into chloride, and this is instantly precipitated by the 

* Tbe better name lor this wonld be Oobsltidcyanogto. — S. 
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eobaltocyanide of potassium as cobaltocyanide of nickel. Should 
there be more cobalt than nickel present, the whole nickel is pre- 
cipitated, and the precipitate, act^ on by potash, leaves the nickel 
as peroxide, while the cobalt is dissolved as cobaltocyanide, and 
may be determined along with the portion not precipitated for 
want of nickel. If, on the other hand, there be more nickel than 
cobalt, all the cobalt is contained in the.^een precipitate of cobal- 
tocyanide of nickel, and may be dissolved by potash, and its 
quantity determined, while the nickel left by the potash as perox- 
ide may be added to that left in the liquid for want of cobalt 
8uoh is an outline of this very beautiful and refined method, which 
gives most accurate results. 

Vn. Chromoctanogen. Cy, Cr, = Cry.* 

This radical is little known. It is analogous to the two preceding ; 
forming with hydrofi^en an acid. Cry, H|, and with potassium a yel- 
low crystallizable salt, Cry, K|, which precipitates metallic solutions. 

VIII. Platinoctanogen. Cy, Pt = Cpy = 161'38. 

(This radical is not known in the separate state. It forms with 
hydrogen a crystallizable acid of a gold or copper color and metal- 
lic lustre, Cpy, H|, which is very soluble and deliquescent. This 
acid is powerful, decomposes the carbonates, and produces platino- 
cyanides. Platinocyanide of potassium, Cpy, K|, is easilv obtained 
by heating spongy platinum, or, still better, finelv divided platinum 
black to low redness with twice its weight of dned ferrocyanide of 
potassium, and lixiviating with water ; or by dissolving protochlo- 
ride of platinum in hot solution of cyanide of potassium. It forms 
crystals yellow and metallic .by transmitted, blue by reflected light. 
By the action of this salt on protonitrate of mercury, a cobalt-blue 
precipitate is formed, which, when heated in the fluid, becomes 
white, and is then piure platinocyanide oT mercury, Cpy, Hg (?) 
This salt, acted on by sulphuretted hydrogen, yields the platino- 
cyanio acid. A solution of platinocyanide of potassium acted on 
by chlorine, yields beautiful copper-like crystals of a new salt, 
which is either a double cyanide, 2 K Cy + Pt, Cy, -}- 6 H O ; 
or the potassium salt of a new radical, Pt, Cys K, -j- 5 H O. — 
(Knop.) 

The platinoc3ranide8 of barium, strontium, and calcium, are 
easily obtained by the action of platinocyanic acid on these bases, 
■Qd crystallize readily in beautiful greenish-yellow color, or in 
some cases green and red with metallic lustre. 

IX. Iridioctanogen. Cy, Ir = Ciy. 

This radical has not been isolated. It forms, with hydrogen, 
iridiocyanic acid, Cyi, Ir, Ht, which is obtained by the action of 
sulphuretted hydrogen on iridiocyanide of lead, Cyi Ir, Pbs. 
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Iridiocyamde of Potasnum, Cy, Ir, K| — Is obtained by tkd 
ftctton of protoohloride of iridium on cyanide of potassium. I( 
fonns colorless crystals ; its solution gives, with salts of peroxids 
of iron, a deep indigo color. 

There appears to be a series of similar compounds formed by 
cyanide of palladium. The palladiocyanide of potassium corres- 
ponds to the platinocyanide, and its formula is Cyt Pd, K. 

There is also reason to believe that manganese forms a numgar 
oocyanogen, corresponding to ferridcyanogen, Cys Mui = Cmy. 
The manganocyanide of potassium is probably Cy« Mui + Kj = 
Cmy, K, . 

From what has been stated in the preceding pages, it will be 
seen that cyanogen has a very ^reat tendency to form cyanides 
containing 2 or 3 metals, and likewise cyanides containing one of 
these metals and hydrogen in the place of the other. As these 
latter compounds are very powerful acids, we are naturally led to 
consider them as hydrogen acids, in which the hydrogen is com- 
bined with radicals. This view has been adopted above, and we 
have seen reason to admit the following radicals : 

Platinocyanogen, Cpy = Cy, Pt 

Palladiocyanogen, Cpdy = Cy, Pd 

Perrocyanogen, Cfy = Cy, P« 

Iridiocyanogen, Ciy = Cy, Ir 

Ferridcyanogen, = Cwy = Cy, Fe, 

Cobaltidcyanogen, = Cky = Cy, Co, 

Cbromidcyanogen, = Cry = Cy, Cr, 

Manganidcyanogen, = Cmy = Cy, Mn, 

It will be observed that there are three different formulsB among 
these radicals, namely, Cy, M ; Cy, M ; and Cy« M, ; the firsi 
monobasic, the second bibasic, the third tribasic. No other view 
can at present be given of these compounds, of their acids, and of 
their salts, which is at once so satisfactory, so consistent, and so 
advantageous for the learner, as being adapted to assbt the 
memory. It is true that the acids may be viewed as compounds 
of cyanide of a metal with cyanide of hydrogen, (hydrocyanic 
acid), and their salts as compounds of two metallic cyanides. 
Thus, ferrocyauic acid, Cyi Fe -f H, , may be said to be 2 H Cy 
4- Fe Cy, and ferrocyanide of potassium, 2 K Cy + Fe Cy. Again, 
ferridcyanic acid may be 3 H Cy + Fe, Cy, and its potassium salt 
8 K Cy + Fe, Cy, : while platinocyanic acid and its potassiuoi 
salt may be H Cy + Pt Cy and K Cy + Pt Cy. 

But the strong acid properties and inert nature of these acids^ 
and the remarkable permanence, both of the acids and of the salts, 
are entirely inconsistent with the presence of so weak an acid and 

80 frightful a poison as hydrocyanic acid, or of bodies so easily 
decomposed as hydrocyamc acid and cyanide of potassium. 
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Bendes, there are numerous double cyanides, such as K Cy, Zo 
Cy ; K Cj, Cd Cy ; K Cy Cui Cy, <fee. &c, &c„ which act as such ; 
being easily decomposed, and exhibiting no indications of contiUii* 
mg radicals like those above described. We shall therefore noi 
dwell on any other view, and merely allude here to the true douUe 
cyanides, as belonging more to the history of the metals, and less 
to that 0^ the oiganic radicals. 

PABACTANOO£N. 

As an appendix to the metallic cyanides, we may here mention 
this compound, which is left behmd as a dark brown powder, when 
cyanide of mercury is heated in a retort. As cyanogen and mer- 
cury alone are given off, we should expect the salt to be dissipated 
by heat entirely ; but this not being the case, it is evident that the 
residue, if it contain no mercury, must have the same compositioa 
as cyanogen, and be, in short, an isomeric modification of it — a 
solid cyanogen. Again, when cyanide of silver is heated, it givea 
off part of its cyanogen ; it then glows, and, if soon removed from 
the fire, yields a peculiar residue, which is only partly dissolved by 
nitric acid. The insoluble residue appears to contain silver and 
cyanogen in the proportion Ag Cya , and it is probable that the 
cyanogen here is in the solid modification, of which 1 eq. is sup« 
posed to be formed by 3 eq. of cyanogen. 

Whether, therefore, we admit paracyanogen as a separate radi- 
cal or not, the two residues just mentioned cont^n carbon and 
nitrogen in the proportions to form cyanogen. It is also possible 
that some such compound may exist in cast iron and steel, which 
appear to contain nitrogen as well as carbon. 

In treating of mellone, we shall see that doubts may be enter- 
tained of the existence of paracyanogen, and that the proportiona 
of carbonic acid and nitrogen gasses obtained in analyzing the 
supposed panusyanogen may be derived from a mixture of mellone 
and carbon. 

CTANOOKN AND SULPHUR. 

X. SuLFHOCTANOoBN. CyS| = Csy. 

8tn. Bisulphide of Cyanogen, — When ferrocyanide of potaa- 
shim is heated with sulphur, there is formed a new salt, the 
formula of which is Cy S| -}- K. This is sulphocyanide of potas- 
sium, which appears to contain the radical Cy St , or Csy. We 
sannot say that this radical is known in the free state, but by the 
action of chlorine on sulphocyanide of potassium there is formed 
a bright orange powder, which contains sulphocyanogen, mixed 
witii some other bodies. Like the preceding radicals, sulphocyano- 
rai, with hirdrogen, forms a peculiar acid, the sulphocyanio or 
iydrosulphocyanic acid. 

Hydnmilphoeyanie Aid, Cy S|, H = Csy H — Is obtained \q 
passing sulphuretted hydrogen gas through sulphocyanide of l6a4 
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Csy, Pb, suspended ia water. The solution thus formed is highly 
acid, and has the odor of acetic acid. It strikes a blood-red color 
with salts of peroxide of iron, and this property is found in all 
soluble sulphocyanides. The formula of this acid corresponds to 
that of cyanic acid, Cy O, , H ; and it may be viewed as cyanic 
acid, the oxygen of which has been replaced by sulphur. With 
metallic oxides, it forms the sulphocyanides of ue metals, Cy St, 
H-f MO = CyS,,M + HO. 

Sulphocyantde of Potassium, Cy S| , K = Csy, K — The best 
process for obtaining this salt is to melt at a ^ntle heat (pidj 
raised at the end to low redness) 46 parts of dried ferrocyaniae of 
potassium, 32 of sulphur, and 17 of pure carbonate of potash. 
The mass when cold is boiled with water, and the solution, being 
filtered and evaporated, deposites striated prismatic crystals of the 
salt, very similar in appearance, and in taste also, to nitre. 

If not quite pure, it is purified by solution in alcohol and recrys- 
tallization. In this process, the whole cyanogen of the ferrocj- 
anide b first converted into cyanide of potassium, and then, by the 
taking up of sulphur, into sulphocyantde ; while the iron It 
converted into sulphide. As 1 eq. ferrocyanide contains 8 eq. of 
cyanogen and 2 of potassium, 1 eq. of carbonate of potash Is 
added, and the 3 eq. of cyanide of potassium thus obtamed take 
up 6 eq. of sulphur to form the new salt : 3 K Cy + Sa = 3 (Oy 
8,.K). 

Sulphocyanide of potassium causes precipitates in some metalfie 
solutions, but as many metallic sulphocyanides are soluble, the 
greater number of metals are not precipitated by this salt. With 
salts of peroxide of iron it strikes an intense blood-red color, but 
causes no precipitate. With acetate of lead it gives yellow crys- 
tals, and with subacetate a white precipitate, and with salts of 
suboxide of copper also an insoluble white subsulphocyanide of 
copper. Sulphocyanide of silver is precipitated as a curdy white 
solid, when sulphocyanide of potassmm is added to nitrate of 
silver. The other sulphocyanides are soluble. 

When sulpbocyanic acid is set free from its salts, by diluted 
acids, and exposed to heat, it is resolved, with the aid of the 
elements of water, into carbonic acid, bisulphide of carbon, and 

ammonia: C, N 8,, H + H, 0| = ^^ j- +NH,. Compare 

this with the spontaneous decomposition c^ cyanic acid when set 

free from its salts : C, N O,, H + H, O, = ^ ^| I + N H,. 

This shows that the view which considers sulpbocyanic acid m 
cyanic acid, the oxygen of which has been replaced by sulphur^ 
is confirmed by the similarity in the decomposition of these two 
acids ; which, m this point of view, may be said to belong to the 
type. 
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When sulphocyaiiide of potassium is mixed with 6 or 8 volmnea 
of strong hydrochloric acid, hydrocyanic acid is given off, and a 
new crystalline acid is deposited, which contains more sulphur, and 
may be called (hydro) persulphocyanic acid : 3 ( Cy St H), that 
ia^ 3 eq. of sulphocyanic acid lose Cy U, 1 eq. of hydrocyanic acid, 
aod there remain 2 eq. of the compound Cy S|, H, or persulpho* 
cyanic acid. The formula of its salts is Cy St, M. When the 
acid is dissolved in ammonia, it soon deposits sulphur, and the 
Squid retains a new compound Cyt S|, H| (=2 Cy S,, H — S) 
combined with ammonia: on adding an acid, persulphocyanic is 
reproduced and deposited, while sulphocyanic acid remains in the 

aolution: Cy, 8., H,= | ^J |' JJ 

When solution of sulphocyanide of potassium is acted on by 
chlorine or by nitric acid, a bright orange-yellow powder is depos- 
ited which was long supposed to be sulphocyanogen ; but it now 
appears to be a compound or mixture oi sulphocyanogen, sulpho- 
cyanic acid and water, in the proportions 3 Cy S, + Cy St , H + 
H O = Ce N, S« -f- (Ct N S,, H) + H = C, N4 Ss Ht 0. This 

Cllow compound undergoes a very remarkable change when 
ated: it gives off bisulphide of carbon, sulphur, and a little 
persulphocyanic acid, and there is left in the retort a grayish- yel- 
low powder, containing no sulphur, oxygen, or hydrogen, and not 
decomposed by a low red-heat. By a strong red-heat it is dissipated, 
yielding a mixture of 3 vol. cyanogen to 1 vol. nitrogen. 

This residue may be viewed as a cyanide of nitrogen, N Cyi = 
C« N4 , and as it plays the part of a radical, analogous to cyaoo* 
ffsn, it is called mellone, and has the symbol Me. Its production 
from sulphocyanogen is easily explained: 4(C, N8|^=:2CS| 
+ S4+CSN4. If the orange-yellow compound which yields it 
be thrown into melted sulphocyanide of potassium the mellone 
actually seizes the potassium, expelling the sulphocyanogen, which 
» resolved into bisulphide of carbon, sulphur, cyanogen, and ni- 
trogen, aU of which escape with effervescence. This is because 
meUone is not only a powerful radical, but also capable of resist- 
ing a strong heat 

XI. Mellone. Me = C,N4 =92*94. 

The preparation of this radical by the action of heat on impure 
inlphocyanogen, has been described above. It may also be ob- 
tained by heating to low redness the sulphocyanide of ammonium, 
as will be expliuned below. It appears as a grayish-yellow pow- 
der, which is capable of combining directly with potassium when 
beated with it, and of decomposing sulphocyanide of potassium, aa 
before mentioned. In both cases it forms a fusible, soluble, crys- 
talliiable salt, mellonide of potassium* When to the solution of 
this aalt an acid ia added, it causes a white gelatinous precipitate^ 
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which 18 an acid, sparingly soluble in water, the hydromellonio 
ilcid. 

Hydromellonic Acid, Me Hr=Cj N4, H — Is best formed Jjjr 
mixing a hot solution of mellonide of potassium with strong hj- 
drochloric acid, when, on cooling, hydromellonic acid b deposited 
as a snow-white powder. It is somewhat soluble in hot water, 
sparingly so in cold ; it is a strong acid, and with acetate of pot- 
ash produces mellonide of potassmm, displacing the acetic acid. 
If, however, a saturated hot solution of the mellonide be mixed 
with acetic acid, half the potash is removed, and on cooling, crys- 
tals of an acid salt are deposited, which, in the case of a hydiXH 
gen acid, is very unusual. It is possible, however, that hydromel- 
lonic acid may be bibasic, which would account for the fact of its 
forming an acid salt. This acid is very remarkable for its power 
of resisting heat, as it requires a full red-heat to decompose and 
dissipate it. 

Mellonide of Potctssium, Me, K = Cg N4, K — Occurs as an 
accidental product in the making of sulphocyanide of potassium. 
It is best obtained by fusing at a low red-heat, in a covered iron 
erucible, dried ferrocyanide of potassium, with about half its 
weight of sulphur, and adding, toward the end of the fusion, about 
5 per cent of dried carbonate of potash. The cooled mass is 
boiled with water, and the filtered solution concentrated, till, on 
cooling, it forms a semi-solid mass of minute * needles, which are 
purified from sulphocyanide by washing with alcohol, in which Ihs 
mellonide is insoluble. The mellonide may also be obtained by 
adding mellone to fused sulphocyanide of potassium, when, by the 
decomposition of the sulphocyanogen, an additional quantity of 
mellone is formed. In the first process also, a portion of mellon€f 
b formed by the action of heat on the sulphocyanide of- iron, pro- 
duced at the commencement of the fusion ; and this mellone acts, 
as in the second process, on the sulphocyanide of potassium, 
giving rise, in so doing, to an additional amount of mellone : hence 
the advantage of adding some carbonate of potash to prevent any 
loss of mellone. Finally, mellonide of potassium may also be 
prepared by adding 2 parts of dry subsulphocyanide of copper tb 
S of fused sulphocyanide of potassium. 

Mellonide of potassium is soluble in water, insoluble in alcohc^ 
It has a bitter taste, and its crystals contain 5 eq. of water, of 
which 4 eq. are exjpelled at 212^. When acted on by hydrochloric 
acid, it yields hydromellonic acid ; when by acetic acid, it gives 
the acid salt above-mentioned. By the action of mellonide of 
potassium on the salts of baryta, strontia, lime, or magnesia, the 
mellonides of barium, <fec., are obtained as sparingly soluble salts, 
which cr3r8tallize in fine needles. 

By boiling mellonide of potassium with excess of potash, am- 
monia IS given off, and )i new salt is formed. This, decomposed hf 
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aeetie acid, yields a white crystalline precipitate, containing no pot- 
ash, probably a new acid. When dilute solution of meUonide of 
potassium is acted on by strong hydrochloric acid, and boiled till 
the hydromellonic acid is redissolved, the liquid, on cooling, de- 
posits cyanuric acid, and contains sal ammoniac. Hydromellonic 
acid Cyi N H, with 3 eq. of water H| 0| , and 1 eq. oxygen, yields 
dry cyanuric acid, Cyi 0| , and oxide of ammonium, N H4 O. The 
equivalent of oxygen is probably derived from the atmosphere ; 
hot this decomposition, as well as the preceding, requires minute 
investigation. 

PRODUCTS OF THE DISTILLATION OF 8ULPH0CTANIDE OF AMMONIUM. 

As an appendix to sulphocyanogen and its derivative mellone, 
we may consider the remarkable results of the action of heat on 
Bulphocyanide of ammonium, N H4, C| N S|. 

When this salt is heated in a retort, there are given off as gases 
or vapors, bisulphide of carbon, ammonia, and sulphuretted hy- 
drogen, the two latter partly combined as sulphide of ammonium : 

4 eq. snlphocyanide of ammoniam . . = Ca Na S, H^ 

may yield __ 

2 eq. hisulpbiae of carbon . . . . = C, S« 

4 eq. ammonia = N4 Hu 

4 eq. sulphuretted hydrogen . . . . = S« H« 

1 eq. mellone =C, N4 

Ca N, S. H.. 

Such is, in fact, the result of the action of a strong heat on the 
salt, mellone alone remaining in the retort. But if a more moder- 
ate heat be employed, a gray residue is left, containing the elements 
of mellone with those of ammonia. If this crude residue be dis- 
solved in boiling potash, and the solution quickly filtered, there is 
deposited, on coofing, a heavy white powder, which is the chief 
product of the distillation of the snlphocyanide, in a state of purity. 
It has been called Melam, and its formula b Cit N,, Hg = 2 Cg 
N4 + 3 N H| , or 2 eq. mellone and 3 eq. ammonia. 

When the crude melam is acted on by oil of vitriol it dissolves 
with the aid of a gentle heat, and if water be added, and the whole 
boiled till the addution of carbonate of ammonia causes no further 
precipitate, the hquid, on cooling, deposits a large quantity of cy- 
anuric acid, and is found to contain sulphate of ammonia. Now, 
as mellone, by the action of acids or alkalies, yields cyanuric 
acid and ammonia, it is easy to see that melam should do the 
same, C,| Nn Hg ; that is, melam is equal to 2 eq. mellone Cn N|, 
and 3 eq. ammonia N| Hg ; and if we represent mellone by 
Cy, N, melam will be 2 Cy, N + 3 N H, . Now let us add 
12 eq. of water, and 2 Cy, N + H„ 0„ = 2 (Cy, Og, H,) + 2 N 
Hj » and adding the 3 eq. of ammonia already present in melam, 
we have 2 eq. hydrated cyanuric acid, 2 (Cyi 0% H| ), and 6 eq. 

6 
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cunmonia, 5 N H| , as the final results from 1 eq. melam and ISI' 
eq. water, under the influence of acids and heat. 

When melam is acted on by boiling with potash, a series of new 
compounds is obtained. The first is melamine, which is deposited ' 
in crystals when the alcaline solution cools. Melamine contains no- 
ozygen, but is an artificial organic base, neutralizing acids, and^ 
forming salts. Its formula is Co Ng He = €« N4 -f- N| H^ ; that- 
is, it contains the elements of 1 eq. mellone, and 2 eq. ammonia. 

The second new body is obtained as a white powder, when the' 
alcaline solution which has deposited melamine, is supersaturated ^ 
with acetic acid. It is called ammeline, and is also a base, although 
weaker than melamine. Its formula is C^ N^ H| 0| = C^ N4 + 
N H| + 2 H O, or 1 eq. mellone, 1 eq. ammonia, and 2 eq. water. 
It forms a crystallizable salt with nitric acid. 

It may here be observed, that melam, Cn N^ , H9 , with 2 eq. 
water, U, 0|, contains the elements of 1 eq. melamine, Ce Ne H^, 
and 1 eq. ammeline, C^ N^ H^ Ot . 

When either melamine or ammeline" is dissolved in strong sul- 
phuric acid, or melam in nitric acid, and the solution mixed first 
with two vol. of water, and then with four of alcohol, a white 
powder is obtained, resembling ammeline, but having the formula 
C„ N, Hg Oj = 2 Ce N4 + N H, + 6 H 0, or 2 eq. mellone, 1 
eq. ammonia, and 6 eq. water. It is called anmielide, and has 
rather the characters of an acid than of a base. 

Melamine, by the action of hydrochloric acid, aided by heat» is 
tensformed into ammeline, giving off ammonia, while water is 
taken up : C^ N^ He + H, O, = Ce Ne H, O,, and Ce N. Hg 
0, — NH, = CeN5H,0,. 

Melam, also, when treated in the same winr, yields ammefine^ 
and ammonia : C„ Ni, H9 -j- H4 O4 = Ci, Ni, H„ O4 ; and C„ Nh 
Hi, O4 — N H, = C„ N,o H,o O4 = 2 (Ce N, H, 0,). 

All these substances may be resolved, by the action of aoid^ 
into cyanuric acid and ammonia. It appears that they are aB^ 
that is, melam, melamme, and ammeline, first converted into anr- 
melide, and that ammelide is the source of the cyanuric acid and 
ammonia. 

It is obvious that they are kll closely related to each other, and 
to cyanuric acid. That they are also related to mellone is proba* 
ble, because when heated they leave a yellow residue, which ie 
converted by a stronger heat into cyanogen and nitrogen ; which, 
(a short, is mellone. All these compounds may be represented as 
tribasio cyanurate of ammonia, minus water, or water and amnMK 
oia. Thus, 

1 eq. anhydrous cyanurate of ammonia, Cy^ O., 3 N Ht = C« N, H, <\ 
Hhius 3 eq. water, =: HsO^ 

YieMi 1 eq. melamine, sC« N^ I^ 
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1 eq. ahl^rclMas cynriiirate of ammonia, = C, N, itg (^ 

1 eq. water, 
1 eq. ammonia, 



Minas 1 eq. water, =H0 ) jj xj f\ __ "wiin 

ania, = H,Nj^^^--- NH,0 



Yields 1 eq. ammeline, == Cg N» H« O, 

2 eq. anliydroiiBcyanarate<^ ammonia, :=CiaNnHuO« 

1 eq^i ammor * 
6 eq. water, 



IGnus 1 eq^. ammonia, = NHt> =:NHO 

= Hi Oe J ' * • " • • • • 




Yields 1 eq. roelam, = Cit Nn H» 

eq. anh jdroas cyanorate of ammonia, = Cn Np Hm 0« 

OS 3 eq. ammonia, = N, H» 

Yields 1 eq. ammeltde, =:CuN,H»0, 

When the maas remaining in the retcnt when urea is heated, 
and formerly believed to be cvanuric acid or cyanorate of atnmo- 
nla, is acted on by acids, it yields cyaQuric acid, and ammonia is 
ficnnd in the solution ; but if it be boiled with water, ah insoluble 
snow-white powder is obtained, which agrees with ammelide in 
idbnost all its properties. Its formula, however, is Ce N4 H4 O4, 
and it may also be derived from cyanurate of ammonia, as fol- 
Ipws : — 

1 eq. anhydrous tribasic cyaaurate of ammonia, > — C N H. O. 

C^» Ot , 3 N Hi J 
Minos 2 eq. aomionia, = N, Hs 

and C, N« H, O, 

Fhn 1 eq. witter, =: HO 

Yields 1 eq. of the new prodtict from urea, . . =: Cc N« H« 0| 

This prodoct, therefore, is intermediate between anmielide and 
eyanuric acid. 

To be transformed into hydrated eyanuric acid, it has only 
to lose 1 eq. ammonia,, and to gain 2 eq. water. Its forma- 
tion from urea is very easily understood ; for 4 eq. urea minus 

2 eq. carbonic acid and 4 eq. ammonia, will give this com- 
pdnnd: 

4 eq. urea, C, N, Hj, O, 

Mino9 2 eq. carbonic acid Ca04 ) _nMiJo 

- 4 eq. ammonia N4 H„ J -^« ^* "» "* 

1 eq. of the now compoond, d N« II4 0« 

In order to render still more obvioos the relation of these com- 
pounds, melam excepted, to cyanorio acid and amon^ each other, 
M us express the hypothetical compound N H by Mt> M, there* 
fore, staodmg lor i eq. N H. We then httire. 
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Cyairaric Mid, C. N. H. O, =€▼. O. + H, 

MeUunine, C. N. H, =€7. M.4-H, 

Ammeline, C, N, H, O, =^y«)o,* + ^ 

Ammelide, C, N4 H.* Qi =Cy, l^ + H. 

The new compoond from urea, C« N« H4 0| = Cjt 5 n "H Ht 
And cyannric acid, « = C7, 0« -^ Ht 

Here we see the change in properties accompanyine the grad- 
ual substitution of M for O. At one end of the senes is melamine^ 
a base, containing no oxygen ; at the other, cyanuric acid, a highlj^ 
oxygenized acid ; while ammeline is a weak base, and the remain- 
bg two are neutral, or have a tendency, but a very slight one, to 
acid properties. 

Before quitting these compounds, it is proper to point out that 
as sulphocyanic acid corresponds to cyanic acid, sulphur beii^ 
substituted for oxygen, so sulphocyamde of ammonium corres- 
ponds precisely in the same way to urea; for urea is C| N| H4 
0| , and sulphocyanide of ammonium is (see above) C| N| H4 B| . 
That this analogy is not imaginary, we have seen in the similarity 
of the action of heat on both. 



In the case of area, 4 eq., 
yield 2 eq. carboni( 
and 4 eq. ammonia, 

Leaving 1 eq. of the new body. 



yield 2 eq. carbonic acid, Gt 0| ) 



In the case of sulphocyanide of ammonium, 4 eq 
yield 2 eq. bisulpuide of carbon, Ca S4 ~ ) 
and 4 eq. aomionia, N« Hn \ 



= C. N, H,Ofc 
= C, N. HaQ, 

= C, N. H, 0« 
= C N, H,Bt 

= Ci N4 HnSt 



Leaving 1 eq. mellone-|-4 sulphuretted hydrogen =CcN4-|-H4 8» 

The analogy only fails here in the fact, that the elements Ce N4 
H4 84 , instead of uniting, as €« N4 H4 O4 do, to form one com- 
pound, are resolved into two, namely, mellone and sulphuretted 
nydrogen. Of course, the substance from urea may be viewed as 
a compound of 1 eq. mellone and 4 of water ; and it may possibly 
hereafter be resolved into those substances. 

When mellone is boiled with nitric acid a new acid is formed, 
crystallizing in octahedrons, which, when redissolved in water, 
form pearly scales. Liebig, who alone has studied it, found its 
formula and all its reactions exactly like those of cyanuric acid, 
and called it cyanilic acid : 1 eq. meUone and 6 eq. water, €« N4 
+ He Oe , are equal to 1 eq. cyanilic (or cyanuric) acid, and 1 eq. 
ammonia (€« Nj O^ , H|) + N Hj . Further experiments are re- 
quired to establish cyanilio acid as an independent acid. 
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Solpfaomelloiie. Hydrosulphomenonic Acid. 

According to the researches of Jamieson, which have reached me 
while this sheet was in proof, the orange-yellow powder, commonly 
called sidphocyanogen, and which, at p. 319, is said to contam 3 
•eq. of bisulphide of cyanogen, 1 eq. hydrosulphocyanic acid, and 
1 eq. water, really consists of the elements of 1 eq. of each of 
these three substances, Cy S, + Cy 8,, H + H =r C4 N, Hg 
84, how arranged we know not. 

When dissolved to satiu^tion in hydrosulphide of sulphide o. 
potassium, K S, H S, the elements of 4 eq. sulphocyanogen, 4 Cy 
8| = Cg N4 Sg, along with 4 eq. of E S, H S, ejive rise to 7 eq. sul- 
phuretted hydrogen, 7 H S; 1 eq. pentasuTphide of potassium, 
k S3 ; 2 eq. carbonate of potash, 2 (K O, C Ot) and 1 eq. sulpho- 
mellonide of potassium, C, N4 H| 84 , K 

When this salt is decomposed by an acid, as hydrochloric acid, 
a simple exchange takes place. C, N4 H, 84 , K + H CI = K CI 
+ Ce N4 H| 84, n. The latter formula represents the hydrosul- 
phomellonic acid, whicli is a sparingly soluble white crystalline 
powder. It combines readily with the alcalies, and decomposes 
the carbonates of the alcaline earths when boiled with them. All 
the hydromellonides of the metals of the alcalies and alcaline earths 
are soluble and crystallize beautifully. The general formida for 
the anhydrous salts is C4 N4 Hj 84, M; but the crystallized salts 
contain from 2 to 6 eq. of water besides. The silver salt is anhy- 
drous. The supposed radical of this acid, and of its salts, is not 
yet known in a separate state ; but when the sidphomellonide of 

Sotassium is acted on by chlorine, there is separated a white pow- 
er, which seems to be sulphomellone, although Jamieson has not 
yet had time to ascertain that point. But the acid and its salts are 
rendered very simple by assuming the existence of this radical, 
which agrees with all the facts yet known, and makes the sulpho- 
mellonides analogous in composition, as they are in their relations, 
m their origin, and in their properties, to chlorides, bromides, 
iodides, fluorides, cyanides, and metlonides. 

Having now concluded our sketch of the compounds derived 
from that of sulphur and cyanogen, it only remains to mention that 
cyanogen forms one or two compounds with sulphuretted hydro- 
gren, and that sulphocyanic acid forms a compound with the same 
gas. These compounds, however, are as yet too little known to 
permit of their being clearly laid down. 

Cyanogen does not form any compound of importance with 
phospjhorus or the remaining metalloids. But there is a very in- 
teresting and important series of compounds, in which we may 
conceive, with some probability, a radical to exist, formed of the 
elements of cyanogen and those of oxalyle (see page 287) or car- 
bonic oxide, C| 0|. This is the series of compounds derived from 
■no acid, and ooDseqtiently closely conoected with urea, which we 



haye seen to |;>e derived from cyanate of ammonia, and, through 
cjanic acid, from cjanmio acid, which connects it again with mel- 
lone, melam, and suiphocyanogen. 

We shall first briefly describe the uric acid itself, as the startmg 
point of an extensive series of products. The radical supposed to 
exist in these compounds will oe better imderstood if described 
after we have become acquainted with them. 

CYANOGEN WITH CARBONIC OXIDE. 

Xn. Uryle. 

Qbic Aero. C^ N4 a 0,=Cjo N4 H, 0,+H O ; or, C„ N* 
H, O4, 2 H O; or, C.N, H 0«, H O (Bensch). 

Stn. Urilic Acid — Zdthic Acid — Occurs in small quantity in 
the healthy urine of man and quadrupeds, and in much htfger 
quantity in the urine of birds, whether carnivorous or herbivorous, 
as in the pigeon and hawk tribes. In the urine of birds it fonns 
the white part, in the fonn of urate of ammonia, and it is stOl fom^ 
as such in guano — a substance produced by the long- continued 
action of the air on the urine (or excrement, for they are voided 
together) of sea-fowl. The only excrement of serpents, as, for 
example, of the boa constrictor, is a white semi-solid mass, which 
soon dries, and is pure acid urate of ammonia. In serpents, which 
are all carnivorous, it is very remarkable that the wnole excreta 
(except occasionally hair and feathers, which pass undigested), 
should take the form of urate of ammonia. In diseased mine, unc 
acid is often deposited on cooling, and generally of a reddish 
color ; it also constitutes the most frequent form of gravel and of 
calculus, when deposited within the bladder. Acid urate of soda 
b found in the chalk stones of gouty patients ; and it is well known 
that gout is a disease closely allied to calculus of this kind. 

It is best obtained from the excrement (or mine) of the boa, 
which is powdered, and dissolved in 40 parts of boiling water by 
the gradual addition of caustic potash, till the liquid is decidedly 
alcaunc. The uric acid forms urate of potash, which dissolves, 
while the ammonia escapes. The hot liquid, being filtered to 
separate impurities (and with the above proportion of water it 
filters rapidly, while with less it crystallizes on the filter and chokes 
it up), is mixed with a decided excess of hydrochloric acid, when 
the uric acid is set free, and being insoluble, is deposited, at first, 
as a very bulky gelatinous hydrate, which in a few minutes sponta- 
neously loses water, and shrinks into a crvstalline heavy precipitate. 
This is well washed with cold water and dried in the air, wnen it 
forms a shining powder, composed of distinct but minute crystals. 
If made from a cold saturated solution of urate of potash, the 
crystals are much larger, but contain 17*5 per cent. ; m thb caao 
4 eq. of water are expelled at 212^, leaving the same substance lip 
iM PWifii^f«i bfmA hot solution, yhic^, when ^r|^ in ^^ 
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loses no weigkt at 212^ The latter is Cio^^ H, 0« + H = 
Ur + H O ; the large crystals are a hydrate, Ur, H O 4- ^ aq« 

If pure white fragments of the urine of the boa have been used, 
the above simple process yields uric acid chemically pure, even 
when the solution in potash has had a decided yellow color. This 
uric acid is snow-white, and is entirely dissipated by heat, leaving 
no trace of ashes. But if the boa's urine have been impure, or if 
calculi have been employed to yield uric acid, in both of which 
cases the alcalme solution is brown, often very dark, and yields a 
colored uric acid, or again, if we wish to extract uric acid from 
guano, we must first purify the urate of potash by evaporating the 
alcaline solution till it crystallizes in a mass, or passing carbonic 
acid through it to neutrajjae the free potash, when the acid urate 
of potash IS deposited, and is washed on a filter with cold water, 
m which it is very sparingly soluble, till it is quite white. It is 
then dissolved m boUing water, and decomposed by hydrochloric 
acid as before. I have described thvts minutely the preparation 
of pure and colorless uric acid, because none of the very mterest- 
ing products derived from it can be obtained if we employ uric 
acid with even a very slight tinge of color. The presence of a 
Biere trace of the coloring matter of urine I have found to exert a 
most remarkable influence on the oxidation of uric acid by nitric 
aeid, an influence which I can only compare to that of a ferment 
in cauamg a peculiar decomposition to take place. 

Uric acid reauires 15,000 parts of cold and nearly 2,000 of hot 
water for solution, and its solution reddens litmus. It forms salts 
with bases, especially with the alcalies and alcaline earths, all of 
which are insoluble or sparingly soluble. 

The salts of uric acid have been lately examined hj Bensch, 
according to whom the common urates are acid salts, while the eq. 
of the acid is only half that above given, or C, Nt Hg 0| = C^ 
K| U 0| + H 0. The neutzal salts are C« N, H O, + M 0, and 
the acid salts are C, N. H O., M O + €« N, H 0|, H O. Bensch 
has obtabed the neutral salts of potash and soda, which are much 
mare soluble than the well known urates of these bases, acid urates, 
according to Bensch. The neutral urate of potash dissolves in 35 
parts of hot water, is alcaline, and is converted into the acid salt, 
DOth by water and carbonic acid. The acid salt requires 85 pt\rts 
of boiling water for solution. The urates of soda are less soluble, 
and the acid urate of ammcHiia, the only salt formed with this 
base, disedves in about 1,^0 parts of water at 60°, and 240 parts 
at 212^ 

The only other urates hitherto examined by Bensch are the 
acid salts of magnesia, lime, baiyta, strontia, lead, and copper. 
It would appear that, adoptb^ his formula, the uric acid has a 
moat lemaraable tendency to form acid salts, and as it appeank 
itw to lam donkle aalldi it it sot easj to see why ba balfea Iki 
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formula of Liebig for the bydrated acid ; since the above cbarao- 
ters are those which distinguish bibasic acids, and it would appeal 
more consistent with the newly observed relations of the acid, to 
express the formula of Liebig, Cjo N4 H4 O, = Cw N4 Hj O, + 
H O by the following bibasic form, C,o N^ H, O4 + 2 H O, than by 
the monobasic form, 2 (C, N, H Oj, H O). If we adopt the 
bibasic formula, then the general formulae for the neutral and acid 
salts as above given by Bensch, will become respectively, Cjo N4 

H, O4 + 2 M 0, and C,, N4 H, O4 + ^ q' i 

PRODUCTS OF THE OXIDATION OF URIO ACID. 

Uric acid is very permanent under ordinary circumstances, but 
IS readily oxidized by powerful oxidizing agents, such as peroxide 
of lead, peroxide of manganese, permanganate of potash, and 
nitric acid. 

1 . Oxidation of Uric Acid by Peroxide of Lead, — If uric acid 
be mixed with twenty parts of boiliner water, and peroxide of lead 
added in small portions to the liquid kept boiling, the brown color 
of the oxide disappears, and a heavy white powder is formed. 
When we have added about two parts of the oxide for one of 
uric acid, or, at all events, when the oxide begins not to lose its 
brown color, the hot liquid is to be filtered, and on cooling it de- 
posits a number of hard, brilliant white crystals, of which more 
are obtiuned on evaporation. The mother liquid at last crystal- 
lizes in a mass of very soluble prismatic crystals. These last are 
pure urea: the first crystals are , allantoine, and the powder is 
oxalate of lead, mixed with a little carbonate, and with the excess 
of peroxide. Hence, the products of this oxidation are, urea, 
allantoine, and oxalic acid. After describing allantoine, we shall 
be able to explain the reaction. 

Allantoine, C4 N, H, O, . Stn. Allantoic Acid, — This body 
was first observed in the allantoic fluid of the fetal calf, which is, 
in fact, the urine of the fetal animal. When this fluid b evapo- 
rated, it deposits crystals of allantoine, formerly called allantoic 
acid, which, however, is not an acid. Its occurrence in the allan- 
toic fluid — that is, as an ingredient in urine — and its artificial pro- 
duction from uric acid by a process of oxidation, are facts of very 
great interest when viewed in connection. It is best obtained from 
uric acid, as above described. It is a very indifferent or neutral 
substance, and forms few compounds ; only one, with oxide of sQ- 
Ver, has been described, the formula of which is Cg N4 Hi O^ -f- 
Ag = 2 eq. allantoine, minus 1 eq. water, and plus 1 eq. oxide 
6[ nlver. 

When boiled with alcalies, it is resolved into ammonia which 
escapes, and oxalic acid which combines with the alcali. In fact, 
both allantoine, C4 Nt -h H, 0|, and oxalate of ammoiiia, C| 0% 
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4- N H| , may be represented as formed of cyanogen and water, 
and it is obvious that the addition of 3 eq. of water to 1 eq, oi 
allantoine gives C4 N, + H« 0^ = 2 (C, O, + N H,). 
We can now explain the formation of allantoine. 

1 eq. uric acid, = C« N4 H« O^ 

Together, = CmN^HjOj, 

Are equal to 1 eq. urea, = C, N, H4 Og 

2 eq. oxalic acid, = C4 O, 

1 eq. allantoine, = C4 N, H, O, 

Together, = C,oN4HtO„ 

Or, in the form of an equation, 

CN4H40.+0,+H,0, = C,N,H4 0,+2C,0,+C4N,H,0,. 

That allantoine is closely related to uric acid and urea farther 
appears from the fact, that 1 cq. uric acid, 1 eq. urea, and 1 eq. 
water, added together, are exactly equal to the sum of 3 eq. allan- 
toine : C,o N4 H4 0, + C, N, H4 O, + H O = C„ N« H. O, = 
8(C4N,H,0,). 

2. Oxidation of Uric Acid by Peroxide of MaTiganese. — This is 
performed much as the preceding, and there appear to be produced 
compounds, partly the same as those from peroxide of lead, partly 
different. Of the latter, one at least is crystallizable, but has not 
been sufficiently examined. The subject requires investigation. 

3. By Permanganate of Potash. — In this oxidation also, some 
products appear, which are obtained by peroxide of lead, such as 
wea; and, in some forms of the experiment at all events, oxalic 
acid ; but I have also observed the formation of a new acid, con- 
taining nitrogen, the precise nature and composition of which is 
not yet ascertained. 

4. By Nitric Acid, — This mode of oxidation of uric acid has 
been minutely studied by Liebi^ and Wdhler, and they have shown 
that it yields a very large number of new and important products, 
among which is again found urea, and also, under certain circum- 
stances, oxalic acid. The changes are best traced when colorless 
nitric acid of a considerable concentration, of Sp. G. 1 '45, for ex- 
ample, is employed. 

1. Alloxan, — When uric acid is added, in small portions, to 
this acid, it is dissolved with a gentle and uniform effervescence, due 
to the escape of pure carbonic acid and nitrogen gases, without 
any trace of the red vapors of nitrous acid. Heat is also devel- 
oped, 80 that no external heat is required, and it may even be ne- 
to moderate the reaction by placmg the Tessel in ooid wates; 
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If too mucb uric acid be added at once, or if the mixture be al- 
lowed to get too hot, a violent reaction ensues, accompanied hf 
copious red fumes, after which the experiment cannot succeed, aod 
must be recommenced with fresh materials. The presence of a 
trace of the coloring matter of the urine infalliblj causes tbia 
violent reaction, even with a much weaker nitric acid, and tbua 
prevents us from obtaining the desired result, even to a small ex- 
tent. In all these cases, the whole seems to be converted into ox- 
alate and carbonate of ammonia. When the operation is properly 
managed, and a little practice makes it quite easy, there appear, iji 
the warm liquid, after a oert^n quantity of uric acid has been dis- 
solved, granular crystals of the new compound, alloxan. If more 
uric acid be added, it is still decomposed, and when the warm 
liquid (at about 120<^) contains a great many crystals, it is aUowed 
to cool, when the quantity of crystals greatly increases. They are 
now thrown on a filter stopped with asbestus, and when they have 
drained, the acid liquor still in their pores is displaced by a little 
ice-cold water, which is added till the droppings have only a slight 
acid taste. The crystals are now dissolved on the funnel with wa- 
ter at 120°, and the filtered solution evaporated at that or even A 
lower temperature, till, on being set aside, it deposits laree traiMh 
parent crystals of hydrated alloxan, which are chemicafiy pm. 
The mother liquid of these crystals, being gently evap<H'ated, yieUs 
piore, and the final mother liquid, which is now raihet aoid, from 
nitric acid, is added to the original acid mother liquor, to be vmi 
for other purposes. By the above process, I have constantly ob- 
tained, without difficulty, upwards of from 90 to 105 parts ol hy- 
drated alloxan, quite pure, from 100 of uric acid, besides vm^ 
remains in the mother hquid, and cannot be extracted in that form. 
Not more than 2 oz. or 3 .oz. of nitric acid should be used in one 
operation, and this quantity will decompose about one-third of its 
yi&ght of uric acid, or more. 

The crystals of hydrated alloxan, when heated to 212o loM 
about 27 per cent, of water, = 6 eq. The dry or anhydrous «!• 
loxan, which may also be obtained in crystals when a saturated 
solution is evaporated in a warm place, is composed of Ct N| H« 
Oio, which expl^ns its formation from uric acid; for CioN4H4 0« 
+ O, + H4 O4 = Ce N, H4 0,0 + C, N, H4 O, ; that is, uiw 
acid, plus 2 eq. oxygen and 4 eq. water, yields 1 eq. alloxan and 
1 eq. urea. 

The urea, when formed, is in contact with hyponitrous acid (de- 
rived from nitric acid by the separation of 2 eq. oxygen), ana k 
immediately decomposed by it, yielding oxide of ammonium, which 
combines with some free nitric acid, carbonic acid, and nitroffeo^ 
which two last escape as gases. 04^9 H4OS + N 0| = NH4, 
+ 2 C 0| + N| . At the end of the operation, therefore, Ac 
ffiid iqvii, vhid^ tm deposited crystals ai atiozaB, (rMwteins notUeg 
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but alloxan, nitrate of ammonia, and free nitric acid. We ma^ 
therefore exi)ress the final result as follows : Cio N4 H4 0^ + 2 
(H0,N0,) + 2H0 = C, N, H4 Oi, + (NH4 0,N0,)+2 C 
0, + N,. 

Alloxan is very soluble in water, also in alcoh^. Its solution 
atains the skin pink, and gives to it a heavy sicklv odor. Its taste 
is peculiar and almost acidulous ; but, although it reddens litmus, 
it lias not the chemical characters of an acid. It is a very re- 
markable substance, from the numerous transformations which it 
undergoes, when subjected to the action of different re-a^ents. 

By the aetipn of soluble fixed alcalies, it is converted mto a pow- 
erful acid, alloxanic acid ; by the action of ammonia it yields an- 
other acid, mykomelipic acid; boiled with peroxide of lead, it ia 
converted into urea and carbonic acid ; by boiling with nitric acid, 
it is changed into a neiir and powerful acid, parabanic acid ; by the 
fiction 01 sulphuretted hydrogen and other deoxidizing agents, it 
yields a new compound, alloxantine ; with hydrosulphide of am- 
monia it gives a new salt called dialurate of ammonia ; with sul- 
phurous acid it combines, forming a compound acid, allpxano- 
Bulphurous acid ; and with sulphite of ammonia it forms another 
new salt called thionurate of ammonia. Such are the compounds 
formed by the direct action of re-agents on alloxan ; but many 
others areproduced by the action of re-agents on these, singly or 
jointly. Thus, when alloxan and alloxantme are both present in 
a hot solution, ammonia causes the development of a deep purple 
color, and the deposition, on cooling, of the gold-green crystals of 
murexide ; acids acting on thionurate of ammonia produce thionuric 

S»d, uramile, and uramihc acid; acids acting on murexide, pro- 
uce murexan ; acids acUnc on a dialurate of ammonia separate 
dialuric acid ; ammonia, actuur on parabanic acid, converts it into 
a new acid, oxaluric acid ; and by the action of heat on alloxanabe 
of baryta, another new acid, mesoxalic acid, is produced. Alloz- 
fMnc acid, when heated, yields leucoturic acid and difluan ; and al- 
loxantine when boiled with hydrochloric acid, yields alituric and 
dilituric ^cids. We shall endeavor briefly to trace the formation 
find the relations of thes^ remarkable products. 

2. Alloxanic Acid.— Ita formula C, N, H, 0, -)- 2 H 0. It ii 
therefore isomeric with alloxan, and differs from it in this, that 2 
0q. water have become basic, and replaceable by metallic oxidq|L 
It is a bibasic acid. It is formed when solution 01 alloxan is niixef 
with barytic water, as long as the white precipitate first formed re- 
^dissolves with a gentle heat. When it begins to be permanent, a 
4rop or two of alloxan is added to clear all up ; and on cooling, 
alloxanate of baryta is deposited in small white crystals. From 
jtUfB s£|lt the itcid is obtamed by adding sulphuric acid, so as to 
/iqf^arate nU the baryta. The acid solution, on evaporatii^, yields 
oryatals d alloxamc acid. The acid, when neutralised ^y 
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ammonia, fonns, with nitrate of silver, a white precipitate, whidi* 
when boiled, becomes yellow, and is reduced with effervescenoe. 
When the solutions of its salts, with baiyta, lime, and strontia, axe 
boiled, they become turbid, depositing carbonates, while urea and 
a mesoxalate remain dissolved. The formula of the neutral alloz- 
anates is C, Nt H, 0| , 2 M O + aq. ; that of the acid salts is 

C| N, Hg 0| , JJ Q f 

Schlieper has lately studied the salts of alloxanic acid, and has 
confirmed the view above given. But he has also examined the 
products of decomposition of this acid, which are remarkable. 

When a solution of alloxanic acid is boiled to dr3mess and pretty 
flftrongly heated in a capside, carbonic acid is given off, and, when 
at last the residue ceases to yield any gas, and flows smoothly* the 
addition of water causes the separation of a crystalline powaer in 
small quantity which is leucoturic acid ; while the liquid contains a 
neutral body, difluan. 

3. Leucoturic Acid — Is white and crystalline, sparingly soluble, 
and not decomposed by nitric acid. It is dissolved by ammonia, 
with which it forms a crystallizable salt, and by potash, which, 
however, soon transforms it into oxalic acid and ammonia. Its 
composition is Cg N, H, O^ = Cg N, Ht O, + H 0. It contains 
the elements of 2 eq. cyanogen, C^ Ns, 1 eq. oxalic acid, C| 0|, 
and 3 eq. water, H, Og . With 3 more eq. of water, it is resolved, 
when acted on by potash, into oxalic acid and ammonia. 

Ce N, H, 0, + 3 H O = 2 (N H,) + 3 (C, 0,). 

4. Difluan — The more soluble product of the decomposition of 
alloxanic acid, is precipitated from the aqueous solution by abso- 
lute alcohol as a flocculent mass, which in vacuo dries up to a 
light bulky white powder, which, when exposed to the Mr, very 
rapidly deliquesces: hence its name. It is an indifferent body, 
which is dissolved by potash, and rapidly decomposed in contact 
with that base. Its composition is, Cg Nt H4 Os , thus containing 
1 eq. of hydrogen more, and 1 eq. of oxygen less, than leucoturio 
acid. When it Ls resolved into oxalic acid and ammonia, oxygen 
is probably absorbed from the air, unless hydrogen be given off, 
or some other new product formed. Thus, Cj N, H4 0, + 2 H 
-f 0, = 3 (C, O, ) + 2 (N H, ). This reaction has not been 
fully studied; but oxalic acid and ammonia are certainly pro- 
duced. 

Schlieper has observed a third product, along with leucoturio 
acid and difluan, which appears to contain 1 eq. of hydrogen mors 
and 1 eq. of oxygen less than difluan. This, however, is not es- 
tablbhed, from the small amount of the substance obtained. The 
three formulae exhibit the inverse variations in the hydrogen and 
oxygen. 
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Leneotnrie acid C, N, Hg O, 

Diflnan C, N* H^ O, 

The third product CNiI^O. 

The fonnation of leuccturic acid and of diflnan from allozanio 
acid is yery simple. 

1 eq. leocoturic aoid, . . . . . . Cg N, Ht O, 

1 eq. diflnan, C« N, H« 0« 

4 eq. carbonic acid, C« O^ 

1 eq. water, HO 

2 eq. alloxanic acid, C^ N4 H« On 

5. Hydurilie Acid, — In the preparation of alloxan, Schlieper, 
on one occasion, obtained a new body, which proyed to be the 
ammonia salt of a new add, hydurilie acid, Cu Nj H| On . It is a 
bibasic acid, = Cu N| Hj 0, + 2 H 0. It forms minute white 
prisms, sparingly soluble in cold water. It may be viewed as a 
compound of water and uryle (Cg Nt O4), for 3 (C| N| O4) + 10 
H = 2 (C|| N, Hs On). Hence its name. 

It is evidently formeil by an incomplete oxidation of uric acid, 
but Schlieper was not able to reproduce it. 

With mtric acid, it yields a new acid, nitrohydurilic acid, of 
rery similar external character, the empirical formula of which 
aeems to be, C| N| H| 0^ . This is equal to 

1 eq. nryle, C. N| O4 

1 eq. nitric acid, N O. 

8 eq. oxygen, O^ 

2 eq. water, Ht Qi 

C.N,H,0,4 

And it is formed from 
2 eq. hydurilie acid (anhydrous), Cm N, H, O^ 

8 eq. mtric acid, Ng Ou 

9 eq. oxygen, O, 

8 eq. nitrohydurilic acid, Cm N« Hs 0« 

Schlieper has further detected, in the same operation, in which 
he observed the hydurilie acid, another new acid, of which, how- 
ever, Uttle is known. Its empirical formula was found to be, C^ 
N| Hft O9 . It has not been named. 

6. Muoxalic Acid, — Obtained, in combination with baryta, by 
boiling alloxanate of baryta; or combined with oxide of lead, by 
adding alloxan in solution, to a boiling solution of acetate of lead. 
The baryta salt is pale yellow, and sparingly soluble ; the. lead 

•■It white and insoluble. The former ^^ ^a ^4 1 it q ^^® ^^ 

t«r C| O4, 2 Pb 0. The acid may be obtained from either of 
these salts ; it crystaUizes, is very sour, and is probably bibasiop 



and has also, porobably, tbe fonnola C, O4, 2 H 0. In that' <^i8e. 
the anhydrotid acid is veYj remarkable as a new compound of car- 
bon and oxygen, of the same class as mellitic and oxalic acids: 
hence the name. It is characterized by forming, when nentralizied 
by ammonia with nitrate of silver, a yellow precipitate, whieh»' 
when heated, is reduced with brisk effervescence. This is evi- 
dently the caiffie of the reaction of alloxanic acid, above mentioned, 
with nitrate of silver. Mesoxalic acid deserves and requin^ a very 
careful investigation. Its formation from alloxan, or alloxanic 
acid, if its formula be C| O4, is very easily explained : for 1 eq. 
alloxan, mmus 1 eq. urea, gives 2 eq. mesoxalic acid : C, Ng U4 
0,0— C, N, H4 0, = C« 0, = 2 C, O4. 

7. Myhwnelinie Acid, C, N4 H| 0| — Is formed when vbo* 
monia acts on solution of alloxan ; when a yellowish gelatinoiaB* 
precipitate of mykoraelinate of ammonia soon appears. This boiled - 
with dilute sulphuric acid yields a similar yellowish precipitate;^' 
which, when dry, forms a powder sparingly soluble in cold, more'^ 
readily in hot water. It is decidedly acid. It is formed of th^' 
acid by the reaction of 2 eq. of ammonia on 1 eq. alloxan : C« 
N, H4 0,0 + 2 N H, = Cg N4 H, O, + 6 H O. It would appetr 
to differ from allantoine, only by 1 eq. of water ; for 2 eq. (» al- 
lafttoine are €« N4 H^ Og. 

8. Parabanic Acid, €« Nt O4 + 2 H — Is formed when 
alloxan or uric acid is heated with an excess of nitric acid, and 
the solution concentrated until, on cooling, it forms a soft crystal- 
line mass. This is dried on a tile, and the dry crystals are puri- 
fied by solution in hot water, filtration, and recrystallisation. A 
lar^e quantity of parabanic acid may easily be obtained from the 
acid mother liquors of alloxan. When pure, the acid is beauti- * 
fully white and crystallized, very acid, and very soluble. It is 
characterized by its great permanence in the free state, for it may 
be boiled with nitric acid, as its preparation shows, and at the 
same time by its extreme proneness to change in contact with 
bases. Thus, if neutralized with ammonia in the warm solution, 
it deposits, on cooling, a crystallized salt, which is oxaliu^te of 
ammonia. The same change takes place with all bases except 
oxide of silver, so that the parabanate of silver is the only salt of ^ 
this very powerful and remarkable acid which can be obtained* 
To be converted into oxaluric acid, parabanic acid only requires 8 
eq. of water. The production of parabanic acid is very simple. 
1. From uric acid : CSo N4 H4 0« + O4 + H, 0, = C, N, Hi 
O, -h 2 C 0, + C, N, O4, 2 H O. 2. From alloxim : C. N, H, 
0,0 + 0, = 2 C 0, + 2 H + Ce N, O4, 2 H O. 

9. Oxaluric Acid, Cj N, H, 0, -h H O.— Formed by the ac- 
tion of bases on parabanic acid : Cg N^ O4 4- K O + 3 H 
r= Ce N| H| O7, K 0. The acid is obtained by adding dilute sul-' 
phuric acid to a hot saturated solution of oxalurate of nmrnxmuL, 
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pRparod br the action of ammoma on parabanic aeid. On cooling, 
tbe ozalimo acid is deposited as a heavy white powder. When 
Iccg boiled in water, it is decomposed into oxalate oi urea and'^ 
free oxalic acid. In fact, it contains the elements of ^ eq. oxalic 
add and 1 eq. urea: 2 C, 0, + C. N, H4 0,=:C8 N, H, Oj, 
HO. It is also characterized by forming with oxide of silver a 
white sah, which dissolves in hot water, and crystallises beaiili* 
fttUy on coolii^. 

The oxcUurate of ammonia, N H4 O + Cj N| Hj 0| — Is formed 
whenever a solution of alloxan, or alloxantine in water, or of uric 
Sttid in nitric acid, is evaporated with excess of ammonia, and 
where coloring matter is present, as when ammonia is made te 
aoC on the acid in the mother liquors of alloxan, the oxalurate is 
often deposited in radiated hemispherical concretions, which some* 
times attain the size of an inch or two in diameter, and are very 
hard. When decolorized by anhnal charcoal, it forms small, soft, 
findble needles. I have found that thb salt, when exposed to 
heat in a retort, yields ammonia, hydrocyanic acid, and much 
oxamide, besides water, and perhaps other products, while a dark 
ittndue is left. 

10. Thumuric Acid, C, N, H; S, 0,4= (C4 N4 H, 0„ 2 8 0,) 
+ 2 H O — Is formed when sulphite of ammonia, with excess of' 
bnae, is added to solution of alloxan, and the whole boiled for a 
few minutes, or until crystals appear in the hot liquid. On cool- 
isg it forms a semi-solid mass, from the separation of a large quan- 
tity of thionurate of ammonia in beautiful silvery crystal, which 
aie to be washed with cold water, and dried on a tile. From this 
salt thionurate of lead is prepared, and this, being decomposed 
W sulphuric acid, yields thionuric acid. The acid is crystallbsa^ 
ble, but very soluble. It is bibasic, and contains the elements of 
1 eq. alloxan, 1 eq. ammonia, and 2 eq. sulphurous acid, not 
however as such, for the elements of 2 eq. water have assumed 
the basic form. 

Its most striking character is, that when its solution is heated it 
becomes turbid from the deposition of a new compound, uramile, 
and in the liquid sulphuric acid may now be found, which was not 

reviously present: C N, H, 08 + 2 8 0, = C8 N, H, 0^ + 2 
0| ; so that the sulphurous acid obtains oxygen from the rest of the 
aeid, and becomes sulphuric acid, leaving uramile, Cg Nj H^ O^ . 

ThianuraU of Ammonia, (C N, H, 0„ 2 8 O,) + 2 N H4 O 
4* 2 aq. — Is formed as above described. When its solution !» 
mixed with 1 eq. of hydrochloric acid, half the ammonia is re- 
moved, and by evaporation we obtain acid thionurate of ammonia 
in minute silky needles. But when the hot solution of thionurate 
of ammonia is mixed with an excess of acid, the thionuric acid is 
vet free and instantly decomposed, uramile being deposited. Little 
k iDMiwa of the other thioouraies. 
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11. Uratnilef C^ Nj Hs 0^. — Its formation has been described 
above. It occurs either as a crystalline powder, or in dendritic or 
feathery crystallizations, of very beautiful aspect. It dissolves in 
ammonia and potash, and the solution absorbs oxygen ; becoming 
purple, and depositing green crystals of murexide, or of potassium- 
murexide. When boiled with peroxide of mercury, and a very 
little ammonia, it is also converted into murexide. Boiled witn 
caustic potash, or with dilute acids, it is said to yield uramilio 
acid. Nitric acid reconverts it into alloxan. 

12. UramUic Acid, — Obtained, by Liebig and Wohler, by 
evaporating acid thionurate of ammonia, or uramile, with dilate 
sulphuric acid; also, it is said, by boiling uramile with potash. 
It appeared to these chemists as fine prisms, very soluble in water, 
and its analysis indicated the formula Cie N^ Hio Ok ; which might - 
be derived from 2 eq. uramile by the loss of 1 eq. ammonia, and 
the addition of 3 eq. water: 2 ^Cg N, H, Oj) 4- 2 H — N H, 
= Cie Nf H|o 0|5. But this acid nas not been again obtained, and 
its existence is still doubtful. 

13. Alloxantine, Cs N^ tis 0,o. — Obtained in large quanti^ 
by diluting the acid mother liquid of alloxan with 3 or 4 parta oif 
water, and passing a current of sulphuretted hydrogen through it. 
In a short time sulphur is deposited, and then white crystals of 
alloxantine. When a large quantity has formed, it is collected 
with the sulphur, on a filter, washed with a little cold water, and 
the filter with its contents then boiled with a large quantity of 
water. The solution, filtered while hot, and with the addition of ii 
few drops of hydrochloric acid, deposits, on cooling, a large cn^ . 
of pure crystals of alloxantine. The acid liquid, filtered from Um 
first deposit, often, on standing a day or two, deposits a large ad- 
ditional quantity of alloxantine. This always happens, if too much 
sulphuretted hydrogen has been used; for that converts the al- 
loxantine partially into dialuric acid, which is more soluble, bal 
by absorbing oxygen from the air, is reconverted into alloxantine^ 
and thus deposited. 

Alloxantine may also be obtained by deoxidizing a pure solution 
of alloxan, either by sulphuretted hydrogen, or by other deoxidii- 
in^ agents ; or by heating a solution of alloxan to the boiling pointy 
eiUier by itself or with the addition of dilute mineral acids, when 
alloxantine is formed and deposited on cooling. But the prooesa 
above given for converting into alloxantine the alloxan of the acid 
mother liquor, which cannot be purified by crvstallization, is sa 
productive, and yields alloxantine so pure, that, if we have to pre- 
pare alloxan, we need never be at a loss for alloxantine. 

The formation of alloxantine from alloxan by sulphuretted hy- 
drogen is easily explained, for these compounds only differ by 1 
eq. hydrogen, which the alloxan takes from sulphuretted hydro- 
gen. Oxidizing agents, by converting this hydrogen into water,. 



DIALUBIC ACID. 97 

readily reconvert allozantine into alloxan : Cs N^ H5 Ojo + s 

HO + C8N,H,0,o. 

Alloxantine forms white, hard, brilliant crystals, which never 
exceed a certain small size. It is very sparingly soluble in cold 
water, much more so in hot water. Its solution is characterized 
by giving with solution of baryta a deep violet precipitate, which 
with excess of baryta, changes to white ; and by instantly reduc- 
ing nitrate of sUver, forming a black powder of silver, the alloxan- 
tme passing into alloxan, or oxaluric acid. The crystals of 
alloxantine, heated to 300°, lose 3 eq. of water. 

In the preparation of alloxan, it is necessary, as has been stated, 
to be very careful that the first solution of the crystals formed in 
the nitric acid should not be heated too strongly, because, as this 
solution contains free nitric acid, alloxantine is formed at a certain 
temperature ; and besides, even a pure solution of alloxan, if boiled, 
is partly converted into alloxantine. The action of diluted nitric 
and other mineral acids on alloxan is to produce, from 2 eq. al- 
loxan, 1 eq. alloxantine, 3 eq. oxalic acid, 1 eq. ammonia, and 1 eq. 
cyanic acid, the latter, with 3 eq. water, producing bicarbonate of 
ammonia. When solution of alloxan is boiled alone, it is converted 
into alloxantine, parabanic acid, and carbonic acid : 3 (C| N, H4 
0,0) = 2 (C,N,ri.O,o) + C.N,H,Oe + 2 C O,. 

In all these, or in similar cases, the presence and the relative 

Proportion of alloxantine contained in alloxan at any period, may 
e judged of by the color of the precipitate formed in baryta. If 
pure white, no alloxantine is present ; if slightly pink, it is present 
m small quantity ; if deep violet, all, or nearly all, the alloxan has 
been converted into alloxantine. 

It is when both alloxan and alloxantine are present, that the 
addition of ammonia produces the deep purple color, and the green 
crystals of murexide. When ammonia acts on alloxantine alone, 
it gives rise to uramile, and, finally, to oxalurate of ammonia. 

One most remarkable change which alloxantine undergoes is 
that caused by the further action of sulphuretted hydrogen. If 
that gas be passed through a hot solution of alloxantine, sulphur is 
precipitated, and an acid liquid is obtained, which, if neutralized 
by carbonate of ammonia, form^ a salt in soft white silky crystals, 
the dialurate of ammonia. Alloxantine, by the action of hydro- 
gen, which removes 1 eq. oxygen, is converted into dialuric acid. 

14. Dialuric Acid, Cj N, H, O7 -f H O = Cj N, H, Og.— - 
Produced by the action of sulphuretted hydrogen on alloxantine : 

C, N, H, 0,0 -f H 8 = 8 + 2 H O + C, N, H, O.. It is best 
obtained, in combination with ammonia, by adding a slight excess 
of hydrosulphide of ammonia to a solution of alloxan or alloxan- 
tine, when a copious crystalline precipitate appears. This, when 
boiled, dissolves in the liquid, and on cooling is deposited in mi- 
nute niky prisms, which are white, but in drying become pink or 

7 
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even deep red. They should be washed on the filter, first with 
diluted hydrosulphidc of ammonia, then with alcohol, to which a 
little hydrosulphidc has been added ; and lastly, with pure 
alcohol ; and dried by pressure in blotting-paper, and in the vacuum 
of the air-pump. They may thus be obtained white, or very near- 
ly so ; and when once quite dry, they are permanent. When this 
salt is dissolved in hot and moderately strong hydrochloric acid, 
cr}'stals of dialuric acid are deposited on cooling. These crystals 
resemble somewhat those of alloxantine, but are larger, and not so 
brilliant. Their solution, and the crystals themselves under water, 
absorb oxygen, and are soon changed into alloxantine, from which 
dialuric acid only diflfers by 1 eq. oxygen and 1 eq. water. 

Dialuric acid is a powerful acid. Its salts are insoluble or 
sparingly soluble, and only permanent in the dry state. The 
dualurate of ammonia, above described, is the most interesting. 

15. Alituric Add, — This acid is formed when alloxantine is 
boiled with hydrochloric acid, and was discovered by Schlieper. 
It is soluble in 15 or 20 parts of hot water, and is deposited on 
cooling as a bulky crystalline powder. It is not altered by nitric 
acid. lU formula is C, N, H, O4 = Cg N, H, O, -+- H O. When 
heated" with potash, ammonia is disengaged, and the addition of an 
acid causes a precipitate of a new body, apparently composed of 0^ 
Nj Hj Oia 4- K O. Such a body might be formed from 3 eq. alitnrio 
acid 4- 4 eq. oxygen + 2 eq. water, the whole — 1 eq. ammonia. 

16. Dilituric Add, — This is found in the liquid obtained when 
the preceding acid is purified from alloxantine by nitric acid, in 
combination with ammonia. The acid retains the ammonia with 
such force that it has not yet been obtained in a separate form. 
The ammoniacal salt is C, N, H O, 4- N H^ O -+- H O ; and 
the acid is supposed to be bibasic, Cg Nj H Oj 4- 2 H O. 

It is probably a coupled acid, for it contains the elements of 8 
eq. cyanic acid, 2 eq. carbonic acid, and 3 eq. water : 3 (Cg N O) 
4- 2 C O, 4- 3 H O = Ce N, H, 0,0 . The silver salt explodes 
when heated, which is rather favorable to this view. 

17. Murexide. Syn. Purpurate of Ammonia, —"-Formed, as al- 
ready mentioned, when ammonia acts on a solution containing 
both alloxan and alloxantine, whvch explains its production when 
ammonia is added to the solution of uric acid in dilute nitric acid, 
after evaporation to a certain extent ; also, when uramile or 
murexan is boiled, with red oxide of mercury or oxide of silver, in 
water, with a few drops of ammonia, or when uramile or murexan 
is dissolved in ammonia and exposed to the atmosphere ; and in a 
great variety of circumstances from all the preceding compounds^, 
or nearly all of them. 

On the small scale, 4 grains of alloxantine and 7 grains of 
hydrated alloxan, are dissolved together in \ oz. by measure of 
water by boiling, and the hot solution added to ^ os. by measnra 
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of a saturated or nearly saturated solutiou of carbonate of ammO' 
nia, the latter bemg cold. This mixture has exactly the proper 
temperature for the formation of murexide ; and it does not, owing 
to its small bulk, remain too long hot. It instantly becomes 
intensely purple, while carbonic acid is expelled ; and as soon as it 
begins to cool, the beautiful green and metallic-looking crystals of 
murexide appear. As soon as the liquid is cold, these may be 
collected, washed with a little cold water, and dried on a filtering 
paper. I have obtained them by the above process, and on this 
small scale, of from 2 to 3 lines in length. When made with 
larger quantities, the crystals are always smaller, owing, probably, 
to some effect of the slower cooling of the larger mass of liquid, 
as continued heat is not favorable to their formation. If we do not 
care about having the finest crystals, we may prepare murexide in 
large quantity by adding solution of alloxan to a boiling solution 
of alloxantine, and cautiously adding cold solution of canx)nate. of 
ammonia, till the mixture has become nearly black, and the green 
crystals begin to appear. The vessel being removed from the 
fire, deposits a very large quantity of murexide. In these pro- 
cesses, the residual liquid is still colored, and is alkaline from excess 
of ammonia; if kept, it loses the red color, becomes yellowish, 
and is evaporated, yields much alloxanate of ammonia in ciystals. 

Murexide is one of the most beautiful products of chemistry: 
the crystals are metallic green by reflected light, like the cantha- 
rides fly or the gold beetle, and deep red by transmitted light 
Their solution is deep purplish red, and they dissolve in potash 
with the most splendid purplish blue color that can be imagined ; 
this, however, soon disappears. When their solution is acted on 
by a dilute mineral acid, it is decolorized, and deposits a shining 
scaly crystalline powder, of a pale yellow color, which is murexan. 
The same compound is obtained when acids are added to the solu- 
tion of murexide in potash, after the purple tint has disappeared 
on digestbn in a gentle heat. 

The composition of murexide is uncertain, and there are different 
views of its constitution. According to some it is a salt of ammo- 
nia ; and this view is supported by the fact that, with salts of 
baryta and oxides of lead and silver, it yields purple salts, which, 
according to Fritsssche, contain the same acid that in murexide is 
combined with ammonia, and which may be called purpuric acid. 
But murexide is not a compound of ammonia with the purpuric 
acid of Prout ; for when that body (murexan) is dissolved in 
ammonia, it only forms murexide by absorbing oxygen from 
the air, and yields other compounds at the same time. Again, 
the action of sulphuretted hydrogen is inconsistent with the 
view of murexide being a salt of ammonia, and in many of its 
relations it more resembles a neutral body — such as a compound 
of amide. 
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Its prodacts of decomposition are very numerous, and altogether 
the subject is one of much difficulty. Possibly there may be two 
substances similar in appearance, but distinct in constitution ; one 
a salt of ammonia, the other an indifferent body, or an anddide. 
The great discrepancy in the results of analysis, as obtained bj 
Liebig and Wbhler on the one hand, and Fritzsche on the other, 
as well as some differences in the properties ascribed to it by dif- 
ferent chemists, lead to some such conclusion. The formula 
eonsidered by Liebig and Wohler the most probable, all things 
considered, but not established, is Cn Nj H« O, ; another some- 
what less probable, is C„ N, Hio Oh . Both of these will enable 
us to account for its production, in different circumstances. The 
formula of Fritzsche, which agrees with his analysis, is 0^ Ne H| 
0„ = N H, 4- C,6 N5 H5 0,1 . The salt formed with nitrate of 
silver is, Cie N5 H5 On + Ag O, which would exhibit the unusual 
phenomenon of ammonia, instead of oxide of ammonium, beii^ 
replaced by oxide of silver ; and the baryta compound is Cie N^ 
H, 0„ + H O + Ba O. Admitting the formulae of Fritzsche for 
the silver and barium compounds to be correct, these are not 
demonstrated to be salts of purpuric acid; but besides this, his 
formula for murexide does not enable us to explain its producUon 
in any case. In these circumstances, we shall not attempt to 
explain the formation of murexide, farther than to point out that 
it appears to require the presence of a compound intermediate 
between alloxan and alloxantinc (the former lodng oxysren, Uie 
latter gaining it), and of ammonia; and that it is not the only 
product. 

18. Murexan, Syn. Purpuric Acid, CgNfH4 04? — Fonned 
by the act'ion of acids on murexide, but along with several other 
products. It appears as a shining powder, composed of scales, 
generally pale yellow, sometimes pale brown, never quite white. 
It is insoluble in water or nearly so, but the liquid filtered from it 
has always a peculiar opalescent aspect and play of colors. It dis- 
solves in potash and ammonia, and the solutions become purple, by 
absorbing rapidly oxygen from the air, and finally deposit green 
crystals. When boiled with peroxide of mercury, water, and a 
little anomonia, it yields murexide. It dissolves in oil of yitriol, 
and is precipitated unchanged by water. In all these characters, 
except in its external aspect, it coincides entirely with uramile, and 
it is not impossible that it may be hereafter found to be uramile, 
disguised by the pi^^nce of a foreign substance. For the pres- 
ent, however, its analysis compels us to distinguish it from ura- 
mile. 

Having now described the numerous products of the oxidation 
of uric acid by nitric acid, we are prepared to understand the 
nature of the radical supposed to be common to most of these 
compounds. 
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Uryle. U1 = C N 0^=4 C 0+2 CN. 

Snr. Ojfonootalie Add, — This radical is unknown in the separate 
form. It contains the elements of four eq. carbonic oxide or 2 
eq. oxalyle (C| Of), and 2 eq. cyanogen. Hence the name cyan- 
oxalic acid. Assuming it to exist, we have the following series : 

»««u— I tirmiite. Nunea. Empirical Ibraiiito. 

Ul -|- 1 eq. urea = Uric acid, = C„ N4 H^ O g 

Ul -1-0-1-6 HO = Alloxantine, = C. N, H. O,, 

Dl +0,-1-4 HO = Alloxan, = C, N, H, 0„ 

Ul +4 H O = Dialuric acid, = C, N, H, O^ 

UU+IOHO = Hydurilic acid, =2(C„N,H.0J 

^ I "2^1? O^^' \ =" Nitrohydarilic acid, = C, N, H, 0,4 
Ul - -N H,+2 HO = Uramile, = C, N, H. O, 

^$NitV2SO,i = Thionuric acid, = C. N, Hr 0„ S, 

The ready conversion of these compounds one into another is a 
•trong argument for the existence of the radical uryle. But the 
raUonal formulae above given do not represent what we suppose to 
be the actual arrangement ; they only point out by what simple . 
means, as the addition or removal of oxygen, or ammonia, or water, 
the elements of the new compounds might be supplied. The other 
derivatives of uric acid arc probably compounds of different radi- 
cals: thus, parabanic and oxaluric acids each contain only 6 eq. 
of carbon, and cannot, therefore, be compounds of uryle. 

The above brief sketch of the products derived from uric acid, 
will serve to show the mexhaustible variety of new products, 
which one complex body may yield. Notwithstanding all that 
has been done, we must consider this subject as merely opened up 
and a farther prosecution of it will infallibly lead to many interest- 
h^ and valuable results. 

APPENDIX TO URIO ACID. 

1. Uric or Xanthic Oxide, — This is a very rare mfirredient of 
urinary calculi. Its formula is Cg Nf H, 0%, which taken double 
differs from uric acid only by 2 eq. oxygen. Hence its name of 
uric oxide. It is soluble in potash and precipitated by acids as a 
white powder. It dissolves in nitric acia, and the solution evapo- 
rated to dryness, leaves a yellow residue: hence the name of 
xanthic oxide. It is said to occur in small quantities in some 
kinds of guano. 

2. Cyttie Oxide^ C^ N He O4 S|. — Another very rare form of 
calculus. It dissolves both in acids and alcalies, and has the 
oharacters of an organic base, forming crystalline compounds with 
adds. It is remarkable from the*krge quantity of sulphur it 
eontama. 

8. OwamiM, Ciq N^ H* 0|. — This compound has been discov- 
ered quite jecently m guano^ by Unger» who at first supposed it to 
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be identical with uric or xanthic oxide, but subsequently found it 
to be a distinct compound. It seems to be a base somewhat analo- 
gous to urea ; for it unites with hydrochloric, sulphuric, and nitric 
acids, forming crystallizable salts, among which ore acid salts, 
with hydrocmoric and nitric acids, a very rare phenomenon. 

Guanine is a white powder, insoluble in water. Like other 
organic bases, it forms a double salt when its hydrochlorate is 
mixed with bichloride of platinum. This salt crystallizes in fine 
orange yellow crystals, the formula of which is (Ci, Nf Hf 0|^ 
H CI) + 2 Pt CI, + 4 H 0. It is remarkable that guanine forma 
no basic salts, as most weak bases do, but only neutral and acid 
salts. 

Hyperuric AcidiX)' — This acid was also discovered by Unger, 
who obtained it by acting on guanine with a mixture of hydro- 
chloric acid and chlorate of potash. Its formula, according tc 
linker's experiments, is C|e ^l4 H^ O9, which dififer^ from uric 
acid by 1 eq. water, and 2 eq. oxygen ; hence the name. Unger 
conjectures it, from the analysis of the silver salt, to be bibasic. Cm 
N4 Hi Or 4- 2 H ; but the want of material has prevented him 
from fully investigating this curious acid ; and he marks its formula, 
and even its name as doubtful. 

The acid forms short rhombic prisms, colorless, and 'of brilliant 
lustre. When heated, it 3rields hydrated cyanic acid, water and a 
residue of carbon. This might occur with the formula above 
given, for C,o N4 H, O^ = 4 (C, N 0, H 0) + H + C,. 

XIII. B E N Z O Y L E . Bz = C|4 H« O, . 

This is the radical of benzoic acid, of oil of bitter almonds, 
and of an extensive series of compounds. The radical is not yet 
known with certainty in the separate form, although a compound 
exists, having the same composition. (See Bemile.) We shall 
describe first the benzoic acid, and afterward the other compounds 
derived from, or connected with it. 

1. Behzoic Acm. Cm H. Qi, H 0=Bz O, H O, or Bz O, , H. 

This acid is found in gum benzoin, mixed with some resins ; and 
it also occurs in the urine of herbivorous animals, under certmn 
circumstances. It is also formed by the oxidation of the oil of 
bitter almonds. It may be obtained from benzoin by sublimation, 
the powdered gum being gently heated on an iron plate formmg 
the bottom of a broad and short cylinder, the top of which b 
covered with bibulous paper pasted tightly down to the sides, 
while another cylinder slides over the upper end of the first, to pre- 
vent the escape of the acid. The vapors of the acid, which is very 
volatile, pass through the paper, and forming crystals, are there 
retained, falling on its upper surface. The following method, how- 
ever, is far more productive, as in the process of sublimation some 
of the add is always decomposed. Benzoin k diasolTed in itroiig 
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alcohol, and to the hot solution there is added hydrochloric acid in 
quantity sufficient to precipitate the resin ; the whole is then dis- 
tiUed. The benzoic acid passes over under the form of benzoic 
ether (benzoate of oxide of ethyle) ; and when the greater part of 
the liquid has been distilled oft, water is added to the residue, and 
distilled as long as any ether passes over with it. When this ceases, 
the hot water remaining in the retort is filtered, and on cooling 
deposits part of the benzoic acid in crystals. The benzoic ether 
and all the distilled liquors are now treated with caustic potash, 
vntQ all the ether is decomposed, and the solution, now contain- 
ing benzoate of potash, is heated to boiling, and supersaturated with 
hydrochloric acid. On cooling, it deposits the benzoic acid in 
crystals. By this means the whole benzoic acid of the benzoin is 
obtained. 

Benzoic acid forms fine light prismatic crystals, or flexible pearjy 
scales. When pure, it has no smell, but by heat it acquires the 
odor of benzoin or of vanilla, and as commonly prepared it has a 
very pleasant odor, derived from the presence of some foreign 
compound which accompanies the acid, and is not easily separated 
from it. It b very fusible and volatile, and its vapors are very 
irritating, provoking cough. It b inflammable, burning with smoke. 
It b sparingly soluble in cold water, more so in boiling water ; it 
diaaolves also in alcohol and ether. 

With bases it forms salts, many of which are crystallizable. 
Their general formula b Bz O, M 0, or Bz 0^, M. When the 
alcaline and earthy benzoates are heated in close vessels, they 
yield carbonates, while new products distil over, such as benzone, 
benzole, naphthaline, &c. The benzoate of peroxide of iron, 8 
Be + FCf 0| , has a reddbh white color, and b insoluble. Ben- 
aoic acid, in the form of benzoate of ammonia, is therefore some- 
times used as a means of separating peroxide of iron from some 
other bases. 

But its use requires many precautions, and it b quite inappli- 
cable if alumina, glucina, yttna, or zirconia be present. I3en- 
aoate of silver, Bz O, Ag O, is sparingly soluble, and when formed 
ia hot solutions crystallizes on cooling. 

2. Hyduret of Benzotle. C^ Hs Og = Bz H. 

Stn. E$sential OH of Bitter Almonds, — When bitter almonds, 
after being macerated with water for a day or two, are distilled 
with the water, there b obtained a fragrant oily liquid, heavier than 
water, which contains, besides hyduret of benzoyle, benzoic acid, 
hydrocyanic acid, and benzoine, a solid compound isomeric with 
the hyduret of benzoyle. To purify it, thb oily liquid b dbtilled 
along with a mixture of protochloride of iron ana slacked lime, 
which retain the two acids, and the benzoine remaining behind, 
the pure hyduret passes over. 
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It is a colorless transparent liquid, of a high refractive power. 
It has a peculiar and very powerful smell, and it is on this account 
that the crude oil is so much used in perfumery. Its odor has 
been compared to that of hydrocyanic acid, but this has arisen 
from the fact that the crude oil contains both : for on comparing 
the two, no similarity can be perceived. It ought, however, to be 
borne in mind that the commercial oil is highly poisonous, not 
only because it contains hydrocyanic acid, but because the hydu- 
ret of benzoyle is poisonous. Hyduret of benzoyle boils at 356°. 

When exposed to the air, it absorbs 2 eq. of oxygen, and is 
converted into pure crystallized benzoic acid : Bz H 4- Og = Bs 
0, HO. Heated with caustic potash in close vesseb, it yields 
benzoate of potash and hydrogen gas, which is disengaged : K O, 
H O 4- Bz H = K O, Bz O + H. It is still more easily converted 
into benzoate of potash by an alcoholic solution of potash : the 
alcohol here swims above the salt, and holds in solution an oily 
matter not yet examined. 

When hyduret of benzoyle is mixed with a little hydrocyanic 
acid, and placed in contact with aqua potassae, lime-water, or 
baryta water, it is gi-adually converted into the solid crystalline 
compound, isomeric with itself, which is called benzoine. When 
mixed with aqua ammonise, and gently heated, it produces a new 
compound, hydrobenzamide. With chlorine and bromine, if dry, 
it yields chloride and bromide of benzoyle, with hydrochloric and 
hydrobromic acids ; if water be present, benzoic acid is likewise 
formed, part of which combines with some unchanged hyduret of 
benzoyle. 

3. Chloride of Bemoyle, formed by the action of dry chlorine on 
the hyduret, is a colorless liquid, of a strong dis£^reeable odor. 
It is formed as follows : Bz H = CI, = Bz CI -f H CI. With the 
alcalies it yields benzoate of the alcali, and chloride of the metal : 
Bz CI + 2 K = K O, Bz O 4- K CI. With dry ammonia it 
yields bcnzamide ; with alcohol it produces benzoic ether and 
hydrochloric acid ; Ae O, 11 4- Bz CI = Ae O, Bz + H CL 
When acted on by metallic bromides, iodides, sulphides, or cya* 
nides, it produces metallic chlorides, and bromide, iodide, sul- 
phide or cyanide of benzoyle. The bromide of benzoyle is a crys- 
talline solid, in other respects analogous to the chloride. The 
iodide and sulphide of benzoyle are also crystallizable : the cyanide 
is a liquid haMug an odor like that of cinnamon. 

4. Benzamide. Ch N H, 0, = Ch H, 0, 4- N H, = Bz Ad. 

This compound is formed when dry ammonia acts on chloride 
of benzoyle, Bz CI 4" N H,, H = Bz, N H, + H CI: also when 
hippuric acid (which see) is boiled with peroxide of lead. When 
prepared from the chloride, it is accompanied by sal ammoniac, 
tormed by the hydrochloric acid produced, with the excess of 
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aminoma. This is removed by cold water; and the benzamide, 
being dissolved in hot water, crystallizes on cooling. It forms fine 
aoit needles or pearly scales, very fusible and volatile. Like other 
amidides, it yields ammonia when boiled with alcalies, while a ben- 
Boate is formed. 

6. FORMOBENZOILIC ACTO. | ^^ ^A^Q "* ^ + ^ ^=^^ ^' 

This compound is obtained by adding to distilled water some 
crude oil of bitter almonds, which always contains hydrocyanic 
add (see Amygdaline), and evaporating to dryness along with some 
hydrochloric acid. From the dry mass, ether dissolves the new 
acid, which it deposits as a crystalline powder by evaporation. 
In this process, the hydrocyanic acid, under the influence of 
hydrochloric acid, is converted, along with the elements of water, 
into formic acid and ammonia. The latter combines with the 
hydrocyanic acid, the former with the hyduret of benzoyle, yield- 
11^ formobenzoilic acid. With bases this acid forms salts, in 
which the quantity of base neutralized is exactly that which would 
be neutralized by the formic acid alone. Their formula is M 
+ Fo O, , Bz H ; by which it is seen that the hyduret of benzoyle 
has entered into the radical of the acid, without altering its power 
of saturation ; and perhaps the rational formula of the acid ought 
rather to be, (Fo O4, Bz H) -f H ; and that of the salts, (Fo O^ 
Bs H) + M ; which exhibits this view still more clearly. 

6. Bekzoate of Hyduret of Benzoyle. C« H,, O, = Bz O, H O-f 

2BzH. 

This compound is formed when moist chlorine is passed through 
the oil of bitter almonds. Hydrated benzoic acid is formed, which 
unites with the unchanged hyduret. The action of moist chlorine 
in producing hydrated benzoic acid is as follows : Bz H + 2 H 
+ CI, = 2 H Gl 4- Bz O, H O. The new compound is crystalline, 
insoluble in water, soluble in alcohol and ether. It is volatile 
wi^out decomposition. An alcoholic solution of potash dissolves 
it^ and converts it into benzoate of potash. 

7. HiFPURic Acid. C„ N H, O, + H O. 

This acid b found in very considerable quantity in the urine of 
herbivorous animals, such as the horse and cow, more especially 
when stall-fed. It has also been lately discovered by Liebig in 
human urine. It is easily obtained by evaporating gently to a 
imall bulk the fresh urine of the horse or cow, and acidulating 
with hydrochloric acid. On standing, the liquid deposits brown 
crystals of hippuric acid, which may be decolorized by a little 
bleaching liquor and hydrochloric acid. 

The pure acid forms pretty large semi-opaque, four-sided 
piiiiDs sparingly soluble in cold water, very soluble in hot water. 
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and in a4Gohol. When heated, it melts, and gives off benjsoic acidt 
benzoatc of ammonia, and an oily matter, which has a very fra- 
grant odor like that of the tonka bean. By nitric acid it is con- 
verted into benzoic acid.* Heated with peroxide of manganese 
and sulphuric acid, it yields ammonia, carbonic acid, and benz(NC 
acid ; boiled with peroxide of lead, it yields benzamide and car- 
bonic acid. 

With bases it forms salts, most of which are soluble and crya- 
tallizable. 

Hippuric acid may be viewed in two ways ; first, as a com- 
pound of benzamide with an acid, C4 H Ot (fumaric or aconitio 
acid ?^ and it is remarkable that Schwarz, who has lately stucUed 
the hippurates, observed a very great similarity to the fumarates ; 
as if the hyduret of benzoyle were simply taken up into the mole- 
cule of these salts, without much affecting their properdes; 
secondly, as composed of hyduret of benzoyle, hydrocyamc acid» 
and formic acid. Either view readily accounts for its easy decom- 
position into benzoic acid and other products. As an ingredient 
of the urine, this acid is important; and we shall hereafter 
that benzoic acid, taken into the system, appears in the urine 
hippuric acid. 

Dessaimies has recently shown, that, when hippuric acid » 
boiled with stronger acids for some time, it is decomposed, and 
yields benzoic acid, which ciystallizes on cooling; while the 
mother liquid, on farther evaporation, yields fine crystals of the 
salts formed by the combination of sugar of geladne (see Odor 
tine), with the acid employed. In fact, sugar of gelatine, accord- 
ing to Dessaignes, is a basis quite analogous to urea; and its 
salts, with the mineral acids, form double salts, and appear to act 
as acids, which b also the case with urea. If to 

Hippuric acid, C» N, H« 0^ 

We add 2 eq. water, % 0^ 

C,.N.HuQi 

And from the sum deduct 1 eq. hydrated benzoic acid, . Cu H« O4 

There remains, C« N, H^ 0« 

And this is the formula which Gerhardt has recently proposed 
for sugar of gelatine. Whether this formula, however, or thoee 
of Mulder and Boussingault, be preferable, it is certain that the 
salts, obtained as above, by Dessaignes, with nitric, hydrochloric, 

* M. Bketaoniki has lately ascertained, that if mtro-henzoic add be taken 
mto the stomach, it passes into the urine in the form of a new add, the 
nitro-hippuric C19 Na U9 Oio. This acid may also be obtained by acting oo 
hippuric add witli a mixture of fuming nitric and sulphuric adds. When 
it IS heated with hydrochloric add, it is resolved into Glycoooll and nitn>> 
beiuoic adds. & 
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and sulphuric acids, are not distinguishable from those made with 
sugar of gelatine prepared from gelatine. Moreover, the sugar 
itself, separated from these salts, was found identical in properties 
with that from gelatine. The analysis of the sugar produced by 
the new method, which seems to be very pure, will no doubt set- 
tle the question as to the true formula of sugar of gelatine. 

pr0du0t8 of the deoomposition of thk compounds of 

benzoyls. 

1. Hyposulphobekzoic Acid. Cu H* O, + S, O. 2 H + O. 

A bibasic acid. Formed when anhydrous sulphuric acid acts 
on crystallised benzoic acid, Ch H. O,, H + 2 8 O, = C,4 H4 
Ot + S| Of + 2 H O. The acid is soluble and crystallizable, 
and forms with baryta a soluble and crystallizable salt from which 
the acid may be obtained by the action of sulphuric acid. It forms 
two series of salts, one with 2 eq. of fixed base, the other with 1 
eq. of fixed base and 1 eq. of water. 

2. Brohobehzoic Acm. C^ H, Br Og -f" ^ H O. 

A bibasic acid. When the vapor of bromine is allowed to act 
on bensoaie of silver at the ordinary temperature, there is produced 
this acid, along with bromide of silver and hydrobromic acid. 2 
eq. of benzoate of silver and 4 eq. of bromine yield 1 eq. bromo- 
benzoic acid, 1 eq. hydrobromic acid, and 2 eq. bromide of silver. 
2 YCm H, O, Aff O) 4- Br, = C» H, Br Oj + H Br + 2 Ag Br. 
Eliier dissolves the acid and deposits it on evaporation, in a con- 
fused mass of crystals, very sparingly soluble in water. When 
the acid crystallizes, it takes up 2 eq. of water. With bases it 
iDnns salts, which are generally soluble and crystallizable. Their 
gttieral formula is Ci, U, Br 0,, 2 M O. 

3. Benzole. CaH«. 

Stn. Benzine, Bemhu. Phine, — Occurs in the volatile liq- 
uids condensed from oil gas ; but is best obtained in a state of 
purity by distilling 1 part of crystallized benzoic acid with 3 of 
risked lime. It is a limpid, colorless liquid, of an agreeable 
etherial odor. Its Sp. G. is 0*85 ; it boils at 186^ and at 32^ it 
becomes solid. It is insoluble in water, soluble in alcohol and 
ether. In its formation, 1 eq. of benzoic acid yields 2 eq. car- 
bonic acid and 1 eq. benzole, the carbonic acid uniting with the 
lime, 0,4 H, 0„ H O = C„ H. + 2 C O,. 

4. Sulphobemide, C„ H, 8 0|. — When anhydrous sulphuric 
acid acts on benzole, a viscid mass is formed, from which, by the 
additkm of water, is separated a new compound, which may be 
dissolved and crystallized by means of ether. 0,| H, -f S 61 = 
H O + Oia Hf , 8 0|. 8ulphobenzide is quite neutraL 
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5. Hypo9ulpk6benzidic Add, — This acid is found in the liquid 
from which the preceding compound has been deposited. Ite 
formula is C,t H,, S| O,, + 0. It may be viewed as formed bj 
the action of 2 eq. of dry sulphuric acid on 1 eq. of benzole, C|t 
H, + 2 8 0, = C„ H5, S, Oj, H O ; or as formed by the com. 
bination of sulphobenzidc with dl of vitriol, Cj, H,, S Of + H O, 
S O3. Either view readily explains its formation. The acid is 
best obtained pure from its salt with oxide of copper (which crys- 
tallizes very easily,^ by the action of sulphuretted hydrogen. It 
is very soluble, ana may be crystallized. It has a very acid taste, 
and neutralizes bases, forming crystallizable salts. 

6. Nitrobemide, C,, H, N O4. Syn. Nitrcbemok, — Formed 
when benzole is dissolved to saturation in fuming nitric acid, and 
water added to the hot solution. On cooling, the nitrobenzide falls 
to the bottom as a heavy oil. It is, at 60^, a yellow liquid, very 
sweet to the taste, with an odor like that of cinnamon ; it b<nls aft 
484'', and solidifies at d?"". Its Sp. G. is 1*209. It is insoluble 
in water, soluble in alcohol and ether. It is formed from 1 eq. 
benzole and 1 eq. nitric acid, Cn H,+ N 0, = H -+- C,t H,, 
NO4. 

By the action of reducing agents, such as sulphuretted hydro- 
gen, nitrobenzide loses the whole of its oxygen, and, taking up 
2 eq. of hydrogen, it is transformed into aniline, Cjt N Ht . (8ee 
Aniline.) Nitrobenzide may be viewed as benzole. On N H«, in 

. H ) 

which 1 eq. hydrogen is replaced by nitrous acid, C,t v* q f 

while in aniline this eq. of hydrogen is replaced by amide ; C|t 
H, N = Cit -mg^'iT >. By the further action of nitric acid, nitre* 

benzidc is converted into dinitrobenzol, Cis H4 Nf 0, = On 

H ) . . 

2 N O f ^" which a second eq. of hydrogen is replaced by nitroui 

acid. This compound, acted on by hydrosulphide of ammonia^ 

yields nitroaniline, a base, the formula of which is Ok ^q >• N, 

corresponding to aniline C|« 11^ N. 

7. Azobemide, C,s H5 N. — This compound is formed when an 
alcoholic solution of nitrobenzide is distilled with dry hydrate of 
potasli. After the alcohol has distilled, the azobenzide volatiliiea, 
forming large red crystals, fusible at 150°, boiling at 380^. In 
the production of this compound alcohol takes a part, and there are 
formed, besides azobenzide, aniline, water, and oxalic acid, which 
remains combined with the potash : 2 (C„ H5 N O4) + C4 H 
0, = C., H, N 4- C„ H; N 4- C, O, + 8 H 0. 

8. Chloride of benzole, C„ H, CI4. — Formed when chlorine gas 
and benzole are exposed to the sun's rays. It is a colorless 
crystalline solid. 
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9. Chhrobemine, C„ Hj Clj . — Obtained by distilling the pre- 
^ediaft compound with hydrate of lime, as a colorless oily liquid. 
Bromine forms with benzole analogous compounds. 

10. Benzoiie. Cu Hft O. 

One of the products *of the distillation of neutral benzoate of 
Hme. When purified from benzole and naphthaline, it is an oily 
Tiscid colorless liquid, heavier than water. It differs from 1 eq. of 
anhydrous benzoic acid by 1 eq. of carbonic acid, C^ H^ Oj = 
C„H, + CO,. 

11. HYDROBENZAMinE. C« Hu N, 

When 1 vol. hyduret of benzoyle and 20 vol. of strong aqua 
ammonias are exposed in an hermetically sealed vessel to a tem- 
perature of from 105° to 120°, it is converted after a time into a 
crystalline mass, which is to be washed with ether. The residue 
dissolfbd in alcohol, yields, by spontaneous evaporation, regular 
crystals of hydrobenzamide. In its formation, 8 eq. hyduret of 
benzole, and 2 eq. ammonia, produce 1 eq. hydrobenzamide and 
6 eq. water: 3 (Ch H, O,) + 2 N H, = C4, H.g N, + 6 H O. If, 
ID preparing this substance, we employ the crude oil of bitter alm- 
oaos, we obtain a yellow resinous mass, which is a mixture of 
hydrobenzamide, benzhydramide, azobenzoyle, and azotide of ben- 
aojle, all of them discovered by Laurent. 

12. Benzhydramide — Is isomeric with hydrobenzamide, but is 
not converted, like the former, into hyduret of benzoyle and sal 
ammoniac by the action of hydrochloric acid. 

13. Azobenzoyle, C^ H,5 Nf . — Is much less soluble in alcohol 
than the preceding. It is derived from benzoyle as follows : 3 
(Cm H, O.) + 2 N H, = C« H„ N, + 6 H 0. 

14. Azotide of Benzoyle, 0,^ H, N — Is ouite insoluble in boil- 
ing alcohol. It may be derived from anhydrous benzoic acid as 
fofiows: Ci4 H, 0, + N H, = C,4 H, N -|- 3 H 0. 

15. Berzostilbine. Cn Hu O,. 

Rochleder has shown that when hydrobenzamide is heated with 
fused potash, till the mass begins to blacken, three new substances 
are formed ; namely, a yellow oil in very small quantity, and two 
adid crystalline compounds, benzostilbine and benzolone. Ben- 
aoatilbine is best obtained by heating only till the mass becomes 
like ffamboge. It is then purified by solution in alcohol, which 
dissolves it readily when the yellow oil is present. When the oil 
IB destroyed by a little chlorine, the benzostilbine is immediately 
deposited in small colorless crystals of silvery lustre, which are 
insoluble in water, sparingly soluble in alcohol, and soluble with 
a Uood-red color in oil of vitriol, from which water precipitates it 
snohaoffed* 
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16. Bbitzoloke. Cu H4 O. 

This compound is formed in greatest quantity when the mixtoi^ 
of hydrobenzamide with potash b heated till it becomes blaoidflb 
brown. The mass is then washed with water, and dissolved in oil 
of vitriol, to which it gives a splendid red color. The addition of 
weak alcohol now causes the benzolone to separate in small crystals. 

It is obvious that the two preceding compounds contain the 
whole carbon of the hydrobenzamide, without any of its nitrogen, 
and they may both be derived from it by the addition of 3 eq. of 
water and the etimmation of 2 eq. ammonia. 

1 eq. hydrobenzamide C« Hu N, 

3 eq. water H, Qi 

may yield 

1 eq. benzostilbine Ca Ha Oy 

1 eq. benzolone Cn H4 x^ 

2 eq. ammonia * U4 N, 

It would appear, however, that benzolone is also formed from 
benzostilbine, which is first produced, and then decomposed by 
the increased heat. Benzostilbine in fact contains the elements oi 
2 eq. benzolone, with an excess of carbon and hydrogen, whieli 
are partly given off in the form of carburetted hydrogen, and 
hydrogen, water also being decomposed, the oxygen of whkdl 
combines with part of the carbon to form carbonic acid, whieli 
combines with the potash. 

15. Amarine. CiaHjsN,. • 

When the hyduret of benzoyle, or rather, the oil of bitter 
almonds, is acted on by ammonia and alcohol, there is found 
organic base, to which Laurent, its discoverer, has given the 
of amarine. Its formula is C^ H^ N|, and it is, therefore, iso- 
meric, or polymeric, with hydrobenzamide. It is a well-marked 
base, and we shall return to it as such. 

16. LoFHniE. CmHmN,. 

When hydrobenzamide is subjected to the action of heat in close 
vessels, there is formed, among other products, a new organic base^ 
which Laurent has named lophine. It has distinct basic proper* 
ties, and will be again referred to in the section on organic bauBes. 
Its formula is C^ R,e N| . 

The formation of this and of tlie preceding compound is yerr 
interesting, as proving the derivation of bodies having the biga 
atomic weight of the organic bases from bodies of lower equivalents; 
these bodies, as well as the isomeric hydrobenzamide and 



BTDROBKNZOINAMIDE. Ill 

hydramide, being all derived from the hjduret of benzoyle, C14 
H^ Oi . There may be some doubt as to the atomic weight of 
indifferent bodies, such as hydrobenzamide ; but there is hardly 
any as to that of the bases above mentioned, which are evidently 
formed by the coalescence of 3 or more eq. of the hyduret of 
benzoyle, since 1 eq, contains 42 or 46 eq. of carbon, while the 
hyduret only contains 14 eq. of that element. 

17. Benzimide. Cas N H„ Q4. 

According to Laurent, this compound is found in the crude oil 
ci bitter almonds. It is crystallizable, and appears to be decom- 
posed by acids into benzoic acid and ammonia. It may be derived 
m>m anhydrous bibenzoate of ammonia by the separation of 2 eq. 
water :- C„ H,o O5 + N H, = C^ Hj, N O, + 2 H 0. But this 
b not probable. A compound precisely similar is obtained 
when an alcoholic solution of potash is added to a mixture of 
hyduret oi benzoyle and strong hydrocyanic acid ; but this com- 
pound yields with acids ammonia and hyduret of benzoyle. 

18. Berzoine. Cm Hi, 0« . 

Polymeric with hyduret of benzoyle. It is formed when an 
tlcoholic solution of potash, or sulphide or cyanide of potassium, 
act on the crude oil of bitter almonds, containing hydrocyanic 
acid. It separates in a congeries of small crystals, insoluble in 
water, soluble in alcohol. It may be volatilized without change. 
Sulphuric acid dissolves it with a violet color. Hydrate of potash, 
melted with it, forms benzoate of potash, with disengagement of 
hydrogen. It dissolves with a violet color in a hot alcoholic solu- 
tK>n'of potash, and is converted by boiling with it, into benzilic 
acid. When its vapor is passed through a red-hot tube, it is con- 
Terted into hyduret of benzoyle, or at least into an oil smelling like 
that compound, and passing into benzoic acid on exposure to the 
air. By the action of chlorine, it loses hydrogen and is converted 
into benzile, a compound having the composition of the radical 
benzoyle. 

The action of hydrocyanic acid in promoting the formation of 
benzoine, is not yet explained ; but it is certain that from pure 
hyduret of benzoyle we cannot procure it, while the addition of 
hydrocyanic acid insures its formation. It is, probably, formed by 
the simple coalescence of 2 eq. hyduret of benzoyle, and the 
derivatives of benzoine most likely agree with it in containing 28 
eq. of carbon. 

19. HyDROBEHZOUC AMIDE. 

Stn. Benzoinamide. — Isomeric, or polymeric with hydroben- 
samide. It is formed by exposing a mixture of benzoine and 
ammoiiia to a moderate heat ; and appears as a white tastelcM 
powder, Tdatile without decomposition. 
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20. Benzoinam. Cm N, Hm Ot . 

When a mixture of ammonia, alcohol, and benzoinc, is left for 
several months in a closed bottle, there are formed many produet8» 
among which are the preceding compound, benzoinamide, and a 
new substance, benzoinam, which is with difficulty purifaed. It 
forms small white needles, the formula of which is C^ Nf Hf^ 0| . 
It is evidently formed by the coalescence of 2 eq. benzoine, (itself 
produced by the coalescence of 2 eq. hyduret of benzoyle) whilt 
anmionia is taken up and water separated. Thus, 2 eq. benzomo 
= Cm Hm Os , plus 2 eq. ammonia N, H^ , and minus 6 eq. water 
He Os , are equal to Cm N2 Hti O2 . 

Benzoinam dissolves in acids, and is precipitated by alcalies ; U 
seems, therefore, to have the characters of a weak base. 

21. Berzile. C» H,« 0« . 

Syn. Benzoyle, — It is formed by the action of chlorine gas on 
melted benzoine. When cold the mass is boiled with alcohol^ 
which on cooling deposits benzile in cr}'stals, which are yellow six- 
sided prisms ; insoluble in water, soluble in alcohol and ether, 
melting at 195° and volatile without decompasition. An alcohoUe 
solution of potash dissolves it with a violet color, and converts it 
into bcnzilic acid. Benzile has the composition in 100 parts of 
the supposed radical benzoyle, but there is good reason to belioTe 
its equivalent to be twice as high. 

22. Behzilic Aero. C„HaO. + HO. 

Formed when benzile or benzoine is dissolved in a hot alcohdie 
solution of potash, and boiled until the violet color at first produced 
has disappeared, and is no longer restored by a fresh portion of 
potash. To the boiling solution of benzilatc of potash hydrochlo- 
ric acid is added in excess, and on cooling the Ixmzilio acid is de- 
posited in colorless brilliant crystals, fusible at 248°, not volatile, 
but yielding, when heated, benzoic acid and purple vapors. Sul- 
phuric acid dissolves it with a bright crimson color. Its formation 
is explained as follows : 1 eq. of benzile takes up 2 eq. water, 
one of which is incorporated in the acid ; while the other is 
replaceable by bases ; C« H,o O4 -f 2 II O = C„ H„ O. -f H O. 
Benzilate of potash forms large tnmsparent cr}'stals, soluble in 
water and alcohol. 

23. Azobenzoide — Cm H„ N, ? Obtained by adding ammonk 
to the oil produced when bitter almonds arc distilled, per dee- 
censum, and dissolving away by means of ether, all other products. 
A white powder, decompos<?d by heat. Its formula is doubtful. 

24. CyanobenziU. — Formed when an alcoholic solution of ben- 
zile is warmed with ^ of its volume of concentrated hydrocyanio 
acid. It is depositi^d in large transparent crystals, the composition 
of which is not yet known. 
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Htdurst of Sulfeobsnzotle. Ci« He S|, H. 

One vol. of crude essence of bitter almcrnds is dissolved in 8 or 10 
«f alcohol, and g^radually mixed with 1 vol. of hydrosulphide of 
ammonia. After a time, the mixture deposits a fine white powder 
loniied a( grains nnaller than those oi starch, which ^ive to the 
fingers a very persistent odor of garlic. It is insoluble in waller 
and alcohoL Ether liquefies it, but a few drops of alcohol restore 
ili aoKd form. It may be considered as the hyduret of a new 
ndical, in which the oxygen of benzoyle has been replaced by 
salphur. When heated it melts, and if now allowed to cool, forms 
int a transparent plastic mass, and afterward a brittle glass. K 
iMpt melted for some time, it crystallizes but is now altered. 

26. Stilbene. Cm Hu. 

When the preceding compound is strongly heated, it ^ives off a 
large quantity of sulphuretted hydrogen, and a little of a liquid, 
apparently bisulphide of carbon. Continuing the heat, there distil 
orer, first a sul^tance crystallizing in pearly scales, stilbene ; and 
laler^ a compound, crystallizing in needles, called by Laurent, the 
discoverer, sulphessale. To obtain the stilbene pure, the first 
erjstals are dissolved in boiling alcohol, which leaves undissolved 
the other body, and on cooling deposits stilbene in tables. These 
being dissolved in hot ether, form, by slow evaporation, remarkably 
Aie crystals, with the pearly lustre of stilbite : hence the name. It 
■m fusible and volatile, and combmes with chlorine and bromine. 
Nitrio acid decomposes it, giving rise to several new producta. 
Chromic acid attacks it with violence, and reproduces hyduret of 
bensoyle. 

Chloride ^ Stilbene — Is formed when chlorine is passed through 

melted stilbene. It appears in two isomeric modifications, a and 

h, both of which have the formula 0^ Hn, Cl|, but crystallizes in 

diifferent forms. By the action of a boiliiig alcoholic solution of 

^potashi each loses 1 eq. of hydrochloric acid (or its elements), and 

:tlraa tbey produce two isomeric modifications of a new compound 

( H 
'C|p i pi" which Laurent calls chlostilbase ; and in which 1 eq. of 

kydnogen of stilbene is replaced by chlorine. One of these is 
aailed chlostilbase a, the other chlostilbase b. Both are oilr 
liquids, but they are distinguished by the action of brombe, whicn 
eombines with both, producing ogain two isomeric compounds, both 
Cijstallixable, but in entirely different forms. Their formulae are, 

• CJgj" + Br,and6C«|^j"-fBr,. 

Along with chloride of stilbene is formed another compound, 
chloride of chlostilbase, analogous to these bromides of chlostil- 

It is a crystaUizable solid ; formula, C^ •] q." + Cl|. 

8 
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Bromide combines with stilbene, forming the bromide of stiJbeiie^ 
Cm H|i, Brt, which is a white powder. 

When stilbene is boiled with nitric acid, it forms seyeral com* 
pounds not yet fully examined. Among these are nitrostilbaae^ 
nitrostilb^, and nitrostilbic acid. The latter according to Lauren^ 
is C„ H„ N 0,4. 

27. Hyduret ^ Sulphazobenzoyle, (C14 Hf S} N{) H, or rathor 
O4S Hif 84 N| — Is generally formed along with hyduret of sulpbo- 
benjEoyle. It seems to be hyduret of benzoyle, in which the 2 eq. 
oxygen of the benzoyle are replaced partly by sulphur, partly 1^ 
nitrogen. Besides these compounds, Laurent has described a 
hydrosulphide of azobenzoyle, with the strange formula C^ H9 
W SJ. Ought it not rather to be C„ H^ S N, or Q^ H^ 84 N,? 

28. NiTROBERzoic Acio. Cj« H4 N Of , H O. 

Formed when nitric acid acts on benzoic acid. It is a crystalline 
Tolatile acid, and contains the elements of benzoic acid, in which 
1 eq. hyponitrio or nitrous acid has been substituted for 1 eq. 

hydrogen: €,4 H, O, — H + N O4 = Cnj ^^O,; — and the 

basic water of the benzoic acid unites with the new acid as witik 
the old. 

29. BaoMmB of Benzole. Ci« Hg Br«. 

This compound is formed as a white insoluble powder, whea 

bromine acts on benzole. An alcoholic solution of potash removea 

hydrobromic acid (or its elements), and causes the separation of a 

( H . 

white crystalline body, Ci, j n ' which Laurent calls bromoben- 

linise; and which is formea by substitution of bromine for half 
the hydrc^n of benzole. The bromide of benzole may, therefor^ 

be C« j ^^ + 8 H Br. 

. 30. Hydroeyanate of Bemoine, C^^ N, Hn O4 — Is formed as a 
light crystalline matter, when oil of bitter almonds is mixed with 
one fourth its volume of dry hydrocyanic acid, and warmed with 
its own volume of aqua potassse, Sp. G. 1*25, diluted with six parte 
of alcohol. It arises from the action of 3 eq. hyduret of beniojle 
and 2 eq. hydrocyanic acid : 3 (C,4 H^ Ot) + 2 (C. N H) =: C41 
N„H,04 + 2HO. 

31. Hydrocyanate (f BengiU, 0,4 H, O, + 0, N H = 0„ N Ht 
0| — Is formed by direct combination when a hot alcoholic aohi- 
tion of benzile is mixed with an equal bulk of anhydrous hydro- 
cyanic acid. It forms large colorless crystals. Possibly the body 
called cyanobenzile mentioned above, No. 24, may be ideotical 
with this compound. 

The above is but a brief and imperfect notice of the numeroae 
oompouiids which have been obtained from oil of bitter ahnonda bf 
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die Turians tnnafonnatioiis and decompofiitioitt above mentioiied. 
Probably no substance has yielded so nch a harvest of discovery 
as this remarkable oil, and for our knowledge of the new products 
we are indebted to Liebu; and Wohler, Mitscherlich, Zinin, Roch- 
leder, but above all, to Laurent, who has discovered by far the 
grreater part of them. Unfortunately, the very able researches of 
ttiis indefatiffable chemist are scattered in several different jour- 
naby many of them published at long intervals of time, and h^^^ 
Bowhere been collected or exhibited to the world in a connected 
jform. I have not been able to consult nearly all of the original 
papers, the references to which are very unsatisfactory ; and I am 
consequently. compelled to rest satisfied with the imperfect notices 
which I could find. The above list does not, I believe, contain 
even the names of several compounds belonging to this series, 
recently described by Laurent^ of which I can procure no distinct 
Bocount The reader is therefore, of necessity, referred for the 
detaib of these remarkable investigations to the original memoirs 
which are to be found in the AnnaUs de Gh^mie et de Physique^ 
ilid the Jowmal de Pharmacie, besides several other French 
journals. 

The study of these compounds has shed great light, and will, in 
future, shed much more, on the origin of the more complex organic 
BMlecules. In several instances, we see 2 or 3 eq. of hyduret of 
bensoyle coalescing to yield 1 eq. of a new and more complex sub- 
ilBnce, either with or without a change in the relative proportion 
of oxygen and hydrogen, and with or without the addition of nitro- 
gen. According to Laurent, compounds exist in which 4, 6, and 
even 9, eq. of the hyduret have cotdesced. 

It was mentioned, in a former part of this work, that our power 
of artificially forming bodies which occur as products of oi^ganic 
Efey was limited chiefly to the decomposition or splitting up of 
complex molecules, such as those of sugar, salicme, uric acid, or 
fibrine, into less complex molecules. 

But» although this b still true of the actual products of orvanic 
Sle which have been imitated in the laboratory, the facts above 
described, show, that, under certain circumstances, we can, from 
the less complex molecules, build up more complex ones, so as to 
produce if not the actual products of organic hfe, yet substances, 
entirely analogous to them, and equally complex. 

Thus, the artificial bases, amarme, lophine, and bensoinam, have 
equivalents as high as those of the vegetable alcalies, morphia and 
Quinine; and we have almost demonstrative evidence that these 
loree compounds arise from the reverse process to that which 
yields nrea, formic, oxalic, and salicylic acids. The latter are 
obtained by processes of oxidation, which tend to split up the more 
eomplex molecules into less complex ones : the former are, on the 
eooteBiyp buik up out of the lew complex mokeulet^ by procesiw 
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of redaction. There are other onses, <^ reccfni di8C0V8iy, ^rUih 
establish the same principle. 

Now we know, that the distinguishing feature of Tegetable fife li 
the power of reduction possessed by plants, which eBoafy depiifiD 
carbonic acid of its oxygen, an operation requiring a prod^;kNli 
chemical force. 

We are, therefore, warranted in concluding that we shall, in 
time, succeed, by means of the various processes of reduetioii 
known to chemists, (and possibly of new methods also), in pim- 
ducmg, for example, the vegetable alcalies, morphine, qufaiinl, 
and strychnine. 

This consideration gives to the compounds of the beotoyle sertei, 
and their derivatives, a high degree of interest, hr sfurpaasing ttafl 
which would attach to them as a mere list of new compomids, aaA 
possessing a distinct composition and distinct properties. 

APPENDIX TO BENZOTXS. 

1. Amtodalhte. C«NH|,Oy. 

Is found in bitter almonds, in the leaves of the cherry laurd» 
and probably in the kernels of all the bitter species of amygdate 
and prunus, as the peach and plum. To obtain it, bitter afanonda 
are pounded and forcibly pressed between warm iron plates tb 
remove the fat oil (oil of almonds). The marc or residue is bolMl 
with alcohol of 94 per cent., and the tinctures distilled off in the 
water-bath to the consistence of S3rrup. This liquid, which OOB- 
tains amygdaline and sugar, is diluted with water, mixed wlili 
yeast, and set aside. When the fermentation is over, the whdfels 
filtered, and again evaporated to a syrup, which being mixed wMi 
a larffe excess of cold alcohol (of 94 per cent.) depodts the 
amygdaline as a white crystalline powder. This is pressed b 
folds of bibulous paper, and finally purified by repeated ctyttll* 
TuEation from boiling alcohol. It forms crystalline scales vttjr 
soluble in water, very sparin£;ly soluble in cold alcohol, but more 
soluble in hot alcohol. It has a bitter taste. When heated it 
emits an odor like that of May blossom, and leaves a bulky coaL 

When distilled with nitric acid, or other oxidizing amenta, itii 
resolvecl into ammonia, hyduret of benzoyle, benzoic acid, fofinlo 
acid, and carbonic acid. Caustic alcalies convert it into ammoda 
and amygdalinic acid: permanganate of potash converts it iirtb 
cyanate and benzoatc of potash. 

2. Amtodaluiic Acm. C« Um Om-)-H O. 
Prepared by boiling amygdaline with baryta as long as arnmoak 



is given off, and then removing the baryta from the soluble smyK* 
dafinate of that base by sulphuric acid. By evaporation it yielflB 
a transparent amorphous mass, which has a very pleasant Mid 
iMte. Mitrio aeid, and other ondiang ageiit8» oontert It ioio 



Ivdurei of benzoyle, wiUi formic and benzoie acid. Its aalti are 
4mo9i an soluble : their formula is C40 H« O^ + M O. 

8. Distilled Water of Bitteb Almohds. 

Eipressed bitter almonds are made into a thin cream with water, 
nd this distUled in the heat of a chloride of calcium bath, till a 
^[oantity of water has passed orer equal in weight to the almonds 
More being pressed. The distilled water is milky from suspended 
oSL of bitter almonds, and smells both of hyduret of benzoyle and 
af hydrocyanic acid. When freshly prepared, it contiuns little 
moro than 1 grain of hydrocyanic acid per ounce ; but its strength 
dhunoshea by keeping, and as it is difficult to obtain it of imiform 
itraigth even when fresh, it is not a good form of administering 
kydvocyanic acid. It is remarkable, that nitrate of silver does 
Mt detect the hydrocyanic acid, unless ammonia is added with the 
■Cntte» and after a time neutraliced by nitric acid. It is used in 
■ladieitte, especially on the Continenty and is pdsonous. 

4. LiiuxEL Water. 

Obtamed by distilling two parts of fi-esh leaves of prunus lauro- 
eofasua with water till three parts have passed over. It exactly 
fesembles the preceding water, and is equally uncertain, and 
•^daDy pdsonous. 

tapOKT or THE FORMATIOir OF HTDURET OF BEHZOTLS FROM BrTTEE 

ALMOHDS. 

Bitter almonds contain, like sweet almonds, a large quantity of 
Uk albuminous or caseous matter, called emulsine or synaptase, 
•toqg with abundance of a mild fat oil, the oil of almonds, very 
dmuop to olive oil But in addition to these, the bitter ahnondls 
CdBtain 4 or 5 per cent, of amygdaline, which b not present in 
fwieet almonds. 

Now, if the amygdaline be removed by boiling alcohol, the re^- 
im, when distilled with water, does not yield a trace of the vola- 
tOe ofl of bitter almonds. Again, if the residue of the bitter 
afanoods, after the fat oil has been pressed out, be heated to such 
% pomt as to coagulate the emulsme, before water is added, the 
Alt31ation also yieuis no volatile oil, even although the amygdaline 
b6 present. 

Tliese facts prove that the production of the volatile oil of bitter 
almonds depends on the presence, first, of amygdaline ; secondly, 
of totaUs emulsine; and tnat it is the result of the mirtual action 
of these bodies on each other. This is further demonstrated by 
the faiot, that if amygdaline be placed in oontaot with the emulsine 
or sjnaptase of sweet almonds, and water, distillation of the mix- 
tore myw yidda the dH abundantly. 
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When the solutbti of 10 parte of amjgdaline m 100 of water ki 
added to a solution of 1 part of synaptase in 10 of water, mat«al 
decomposition at once takes place : the liquid acquires the odor of 
hyduret of benzojle, and of hydrocyanic acid, and when distilled, 
yields the crude oil of bitter almonds, which is a mixture (k 
these two compounds. The residue of the distillation oontaint 
sugar in such quantity, that it is probable the elements ot 
the synaptase have contributed to form it; and when this wmat 
is destroyed by fermentation, a fixed acid is found. If the 
i^naptaae has been coagulated, it has not the slightest action on 
amy^daline. 

When the expressed bitter almonds are moistened with waftflr» 
the very same reaction occurs ; and if enough water be present to 
dissolve the oil as it is formed, the whole amygdoline disappeaii 
in a short thne. But if the expressed almonds be thrown into 
boiling water, the synaptase coagulates, and can then prodooe «a 
change in the amygdaline. To obtfun the full proportion of oQ, I 
part of expressed almonds should be macerated for 24 honn with 
20 parts of water at about 102^, and then distilled. 

100 parts of amygdaline produce 47 of crude oil, and thest 4T 
parts of crude oil contain almost exactly 6 of anhydrous hydro- 
cyanic acid ; so that 17 grains of amy^aline dissolved in 1 OOL of 
emulsion of sweet almondb, yields a mixture containing 1 gram of 
dry hydrocyanic acid, and consequently of the same strength m 
the distilled water professes to be. This mixture has, besidesy thi 
advantage of containing the hyduret of benzoyle present in tlia 
distilled water, to which is perhaps owing the superiority of tlia 
dbtilled water of bitter almonds on laurel leaves over mere dihiled 
hydrocyanic acid, a superiority, which, according to the Contmen- 
tal physicians, b very decided and obvious. The above simjde 
recipe, given by Liebig and Wohler, is admirably adapted for exteaph 
poraneous use, and the mixture ought never to be made in a laiger 
quantity at a time, as, like the dbtilled water, it alters by Iteemag, 

In the above remarkable decomposition, we have a very beanti- 
ful example of a metamorphosb in which the elements of two 
bodies take a share ; but as the whole of the products are not 
yet exactly known, and even the composition of the emulnne or 
synaptase b uncertain, we cannot explain the whole change witb 
precision. We know, however, that from 1 eq. amygdaune» O41 
N Htr O0, the following compounds may be derived : — 

1 eq. hydrocyanic acid C,NH 

2 eq. hydnret of benzoyle C^ Hn O4 

\ eq. sugar C, H» Ob 

2 eq. formic acid " . . . • C4 H| Oy 

7 eq. water Hr Or 

1 eq. amygdaline C«NI^OU 
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Also, 1 eq. amjgdalinic acid, C40 H^ Ot« , maj yield : 

3 eq. foitnic acid €« Hs O, 

3 eq. hydnret of benzoyle €« Hn O4 

ieq. sugar C« H« O^ 

eq. water H« Og 

1 eq. amygdalinic acid C^ H^ Om 

Now, we can trace all these products among the results of this 
traDsformation ; and, it is probable, not only that there is more 
suffar than can be accounted for by the amygdaline, but also that 
otoer products, not yet known, are formed ; as, for example, the 
fixed add above alluded to. The emulsine or synaptase, which 
produces this remarkable change is amygdaline, in which it itself 
participates, contains nitrogen, is soluble in water, coagulable by 
hiuA, and in short very analogous both to albumen and caseine, 
along with which we shall again notice it. In the almond it 
appears to be accompanied by albumen. 

We have seen, above, that the assumption of the existence of 
the radical benzoyle brings a number of compounds into a more 
eaMly understood form, and very materially aids the memory by 
enabling us to classify these compounds as analogous to others 
better known. Other views may be taken of this series of 
oompounds : for example, according to Dumas, hyduret of ben- 
aoyle may be represented as a compound of benzoic acid with 
a carbo-hydro^n, 2 C^ H| 0| + (C^ H|) H| ; benzoic acid 
hemg Uie teroxide and the carbo-hydrogen the terhyduret of the 
body, C„ H. : for 2 (C„ H.) 0, + (C,, H,) H, = C« H„ O. = 
3 (Ci4 H« Oi) = 3 Bz U. The same view might be extended to 
•ome d the other compounds of benzoyle, but it is complex, and 
cannot well be applied to benzamide, hydrobenzamide, and several 
others. Again, according to Mitscherlich, benzoic acid is Cit H^ 
+ 2 C 0| ; that is, benzole plus 2 eq. carbonic acid ; while a dry 
beosoate would contain, united to the base, the hypothetical body 
bemdde, Cit H|, and the equally hypothetical anhydrous oxalic 
acid, C| 0|. These views appear both to be in all respects 
inferior to that which we have adopted, and which must be 
retained, until a better shall be proposed. If I understand rightly 
•ome expressions in a recent paper by Laurent, that chemist con- 
nders hyduret of benzoyle, C14 H« On , as the oxide of a radical 
h&aiene ; but it does not appear, whether it is (C14 He) -f- 0| or 
(C|4 H5 0) -f- O. The term oxide of benzene, however, may be 
applied to one of the isomeric modifications of the hyduret. 

XIV. Salictle. C„H,04 = Sa. 
^lis is the hypothetical radical of a remarkable series of com- 
pounds; and, as such, belongs to the same eroup as benzoyle. 
Ita moat mteresting compound is the hyduret of salicyle, which we 
ikaU thevefoe first coniider. 
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]. Htburet of Saucyle. CmH«049H=:SrH. 

Syn. Salicylous Acid, — This compound is found as the chief 
ingredient hi the essence of meadowsweet, that it, the essential oil 
obtained by distilling the flowers of sptroea ulmaria with water. 
It is probable that, like the essence of bitter almonds, it is formed 
by the metamorphosis of a compound or compounds present in the 
flowers. The crude essence is distilled with aqua potassae, which 
combines with the hyduret, and an oil distils over which seems to 
be a carbo-hydrogen. The salt of potash being now redistilled 
with a slight excess of dilute sulphuric acid, yields the pure 
hyduret of salicyle. 

It may also be obtained by distilling one part of salicine, one 
part of bichromate of potash, two and a half of oil of vitriol, and 
twenty of water, together. The salicine is dissolved in part rf 
the water, and the acid diluted with the rest. The mixture is 
then made in a retort, and after the eflervescence which takes 
place is over, the whole is distilled, and yields the hyduret, to the 
amount of one-fourth of the salicine employed. 

Hyduret of salicyle is an oily colorless liquid, having a fragrant 
aromatic odor and a burning taste. Its Sp. G. is 1*1731, and it 
boils at about d80<^. With chlorine and bromine it forms new com- 
pounds. With bases it forms salicylurcts, water being separated : 
HSa + MO = HO + MSa, so that it has the characters of an 
acid. 

SaUcylnret of Ammonium^ Sa, N H4 — Is formed when concen- 
trated ammonia is poured upon hyduret of salicyle. It is a yelloir 
solid, having a faint odor of roses. When moist, this salt is 
decomposed spontaneously, becoming black, and giving off ammo- 
xua and an odor like that of roses. With dry ammoniacal gas^ 
hyduret of salicyle forms the compound 3 8a H -f 2 N H,. 

Salictflimide, C^ N, H^ Oe — Is formed when caustic ammonii 
is added, drop by drop, to a solution of 1 vol. hyduret of salicyle 
in 3 vol. alcohol, and the small yellow crystals which first formed 
are dissolved by a gentle heat. On standing, saficylimide appears 
in the form of golden yellow brilliant prisms. It is formea from 
3 eq. hyduret of salicyle and 2 eq. of ammonia, by the separatioor 
of 6 eq. water, 3 (C^ H^ O4) -f 2 N H,— 6 H O = C4, N, H» 
Og. As it b no longer soluble in the liquid from which it was 
first deposited, it is probable that the yellow salt first formed, which 
dissolved in the alcohol by aid of a gentle heat was salicyluret of 
ammonium, which, by excess of ammonia, was converted into 
salicylimide. 

The salts of the hyduret of salicyle or hydrosalicylic acid, are 
oonstitnted, for the most part, according to the formula Sa M. The 

Ktassium salt Sa K, when exposed to the air in a moist states 
comes first green, then black. When the change is complete; 
water dissolves acetate of potash, and levres m Uaek 
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mekuiic 8cid» C|» H4 0». 1 eq. of salicyluret of poUssiimi, 2 eq. 
water, and 3 eq. oxygen, contain the elements of 1 eq. acetate of 

Etash, and 1 eq. melanic acid : C14 H^ O4 » K + 2 H + 0| =s C4 
O4, K + Cio H4 0|. Melanic acid combines with bases. 

Ettling and Stenhouse have shown that when the salicyluret of 
oopper, Cu Sa =: C^ £[» O4 + Cu, and the benzoate of copper* 
Cu 0, C|4 H| Ot, which is isomeric with it, are distilled, several 
new products are formed. Among these are salicylic acid and two 
crystalline neutral compounds. 

JParasalieyle — Is a product of the action of heat on salicyluret 
(salicylite) of copper. Its formula b 0,4 H^ 0|, and it has the 
oomposition of anhydrous benzoic acid, or of salicylous add, 
(fayduret of salicyle viewed as an oxygen acid), as it exists in its 
salts. The copper salt from which it is formed may be represented 
either as C14 H, O4 + Cu, or as Cu 0, C,4 H| 0|. Parasalicyle is 
fiisible and volatile, and only attacked by strong acids. 

When benzoate of copper is distilled, there is formed, besides 
salicylic acid, a neutral volatile crystalline compound, which con* 
tsina 1 eq. oxygen less than parasalicyle, and the formula of which 
h coBsequently C14 H5 0|. It is therefore isomeric with benzile, 
and has the composition of the radical benzoyle. Indeed, as it 
vielda benzoic acid when acted on by potash, while benzile yields 
bemdlic acid, it may very probably be that radical. It has not, 
however, been named by Ettling, who discovered it. 

2. Sauctlic Acid. (C^ H, OJ O, H O = Sa O, H O = Sa Oj H. 

Formed when hyduret of salicyle is heated with hydrate of 
potash till the mass loses its brown color. Hydrogen is given oS, 
wad salicylate of potash is formed. Hydrochloric acid, added to 
the solution of this salt, causes the deposition of crystals of salicyfie 
aeid. 

The same acid is formed when coumarine, the stearoptene or 
camphor of the tonka bean, is acted on by caustic potash. More* 
o?er the essential oil of wintergreen, or gaulthena procumbens^ 
appears, by the researches of Cahonrs and GerhardT, to be the- 
s^e^late of oxide of methyle. The acid, therefore, is modt readily 
obtained, by mitlv heating this oil with a slight excess of potash, 
* aad afterward adding an acid, when the salicylic acid, being very 
sparingly soluble, is deposited. It is easily purified by recrya- 
tailizatton, and sometimes forms crystals one or two inches is 
kiMrth. 

Salicylic acid crystallizes in tufts of slender prisms, very like 
benzoic acid. It mav be sublimed without decomposition. The 
formation of this acid from hyduret of salicyle is very simple: 
Cm H, O4, H + K O, H = 0,4 H, 0„ K O -f H.. When the 
salicylate of potash is decompotied by an acid, the salicylic add 
Ukm up 1 eq^ of basic water, and separates as C14 H| 0», H O9. m. 
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Ci4 H, Oe, H. The decompositions of this acid are very interest 
ing, connecting it with several other series of organic compounds. 

When it b acted on by nitric acid, it is first converted into 
indiffotic acid, or anilic acid, C14 H4 N O9, H O, along with other 
products ; and by the continued action of nitric acid, there is finally 
produced the remarkable bitter acid, called carbazotic, or nitropi- 
cric acid, C12 H| N| On, H 0. Both these acids are formed from 
indigo by the action of nitric acid. 

When salicylic acid is disUlled with caustic baryta, it yields car- 
bonate of baryta, and a heavy oily liquid, which is the acid known 
as carbolic acid, (Bun^), and hydrate of phenyle (Laurent), the 
formula of which is Ci, H^ 02 = 0,2 H^ , O, H O. The productioii 
of carbolic acid from salicylic acid is easily understood : it is, in 
tact, analogous to that of benzine from benasoic acid: O14 H| 0|, 
H + 2 Ba = 2 (Ba 0, C 0,) + C,. H^ 0,. As the actioii 
with baryta b so violent as to destroy a great part of the add, it 
is found better to heat rapidly salicyhc acid mixed with powdered 
glass, when it is resolved mto carbolic and carbonic acids. 

Now it is very remarkable, that carbolic acid, which is one of 
the chief ingredients of the oil of coal tar, a product, therefore, ot 
the destructive distillation, is also converted by the action of nitrie 
acid into nitropicric acid. This would indicate that when salicylie 
acid is acted on by nitric acid, it yields, first, some compound con- 
taining the same radical as carbolic and nitropicric acid, and that 
this is further oxidized mto the latter acid. We shall hereafter see 
that the probable radical of carbolic acid b phtne, G\%0%9 from 
which, by substitution and oxidation, carbolic and nitropicric acids, 
and a whole series of compounds, may be formed. 

On the whole, from its relation to hyduret of salicyle and to 
salicine (from which it may also be formed by the action of cavs- 
tic potash), from its analog in formation, constitution, and proper- 
ties to benzoic acid, from its occurrence in nature in the first com- 
pound of methyle not artificially produced, and from its ready con- 
vertibility into indigotic acid, carbolic acid, and nitropicric acidy 
salicylic acid is a compound of very great interest. 

The salts of salicylic acid have the general formula On H« Of, 
M O or 0)4 Hf Oe, M. The salicylate of oxide of methyle. Of 
Hi O -h Oi4 Ht Of, occurs in the essential oil of gatdiheria pr^ 
eumbens, and is much used in perfumery. It gives rise to a num- 
ber of remarkable products, when subjected to the actbn of nitrie 
acid, chlorine, bromine, alcalies, dec. ; but all these things will be 
treated of in their proper places. 

3. Chlorosalicylic Aero. Cm H. < q| or C^ H« O4, CI. 

When dry chlorine is made to act on dry hyduret of salicyle, 
this compound is formed, along with hydrochloric acid; it crys- 
tiUises readily, and may be sublimed unchanged. Its formalMXi 
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is entirely analogous to that of chloride of benzoyle, and it might 
be viewed as chloride of salicyle, C14 H^ O4, CI = Sa CI. But its 
properties are those of an acid, and hence we are compelled to 
consider it as salicylic acid, C14 H^ Os» in which 1 eq. oxygen has 
been replaced by 1 eq. chlorine, the type remaining unchanged. 
Hence, after this substitution, it is still an acid, and its true formula 

is C,4 H« -j Qi an acid ai the type of anhydrous salicylic acid. 

With ihnmonia it forms a new compound, chlorosalicylimide. 
As in the action of ammonia on hyduret of salicyle, so in this case, 
2 eq. ammonia act on 3 of the acid, and 6 of water are separated. 
The formula of chlorosalicylimide, which is a yellow, insoluble 
solid, is C4, Hu N, CI, O.; for 3 (C,4 H, CI O4) + 2 N H,=:« 
H + C4, His ^Is ^t Oe . It is, in fact, salicylimide in which 8 
eq. chlorine have been substituted for 3 eq. hydrogen. 

With bromine and iodine, hyduret of salicyle yields the two 
analogous compounds, bromosalicylic acid, and iodosalicylic acid ; 



C„ H. I g; and C,« H. | f* 



4 NrrROSAUCTLic Acid. C,4 H« N 0„ = Cj, H4 N O,, H O. 

Stk. Aniiic Acid, Indigotic Acid, — This acid is formed by the 
aetion of nitric acid on hyduret of salicyle, or still better, on sali- 
cylic acid. It forms yellow prisms, and with bases yields yellow 
detonating salts. Ammonia colors it blood-red, and perchloride 
of iron dierry-red. It would appear, according to th^ above 
formula, derived from the analysis of Piria, to be salicylic acid, 
in which 1 eq. nitrous (hyponitric) acid is substituted for 1 eq. 
hydrogen. But its characters, and those of its salts, are such at 
to convince us that it is identical with indigotic, or aniiic acid ; 
under which names we shall have again to treat of it. 

▲PPBNDIX TO SALICTLE. 

6. Saliciice. Cjg H,« Oj, = C^ H„ O^o + Cm H, O4 . 

This compound occurs in the bark of all such willows as are bit- 
ter, such as Salix helix, S. amygdalina, &c. It is extracted by 
boilinff with water, decolorizing the decoction with litharge, remov- 
ing the lead dissolved by sulphuric acid and sulphide of barium, 
and evaporating to a syrup. The salicine crystallizes on standing, 
in fine scales of a silky lustre, which have a very pure bitter taste, 
and are highly febrifuge. It is neutral, soluble in water and aloo* 
hoi, insoluble in ether. Oil of vitriol colors it blood-red. Dis- 
tilled with bichromate of potash and sulphuric acid, it yields for- 
mic and carbonic acids, hyduret of salicyle, and a resinous matter. 

6. Saugbrine. Cm H, 0«. 

The recent researches of Piria have greatly extended our knowl- 
edge of MiliciDe. The formula above given for salicine is deduced 
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fjrom his aoalyses, and he has shown thai by contact with sjrnaptaso^ 
aalicine is decomposed, being resolved into sugar. Cn Hi« 0^, 

i which takes iqp 4 eq. of water and appears as grape sugar, C^ 
Ii4 O14) and a new body, saligenine, C^ H^ O4 . When the meta- 
morphosis is complete, which, with 200 parts of water, and 3 parift 
of synaptase for 60 of salicine, and a temperature of 106^, takei 
place in 24 hours, most of the saligenine separates in crystals, 
bemg very sparingly soluble in cold water, and the rest is obtained 
by agitating the solution with ether, which dissolves the saligenine. 
The aqueous Liquid is now found to contain only grape sugar, and 
the residue of the synaptase. 

Saligenine melts at 180^, and foims on cooling a cr3rstalline mass. 
U appears to form a combination with potash, but when it is heated 
with that alcali, hydrogen is disengaged and salicylic acid m 
formed. Several oxidizing agents convert saligenine into hvduret 
of salicyle, from which it differs only by contaming 2 eq. of hydro- 
gen more. Aqueous solutions of perchloride of iron and of salts 
of peroxide of iron strike an indigo blue with sali^enme ; but this 
color is not formed when alcoholic or etherial solutions ase used. 
The blue compound has not been separated. When heated to a 
certain point, or boiled with acids, saligenine is converted into 
saliretine, a body which is also obtained when salicine is boiled 
with dilute acids, and which is no doubt in this latter case derived 
from the saligenine contained in the salicine. Saliretine will be 
described presently. 

As it appears certain from the experiments of Piria that saHoine 
is composed of saligenine and sugar, the products of various reac- 
tions on salicine wUl be generally those on a mixture of saligenine 
and sugar. It will therefore be better to describe in connectioii 
the substances produced from saligenine, and those formed ftt>nft 
salicine. 

By the action of chlorine on salicine, there are formed three 
compounds analogous to salicine, in which 1, 2, and 3 eq. of 
hydrogen are replaced by chlorine. These are : 

H i 

Chlorosalicine .... C«^j^ SO|4-f-4 aq. 

Bichlorosalieine . . . . Ca^j* vOi4-f-3 aq. 

H i 

Terchlorosalicine . . . Cani* ?Oi4-4-2 aq. 

These compounds are all ciystallized, and all of them, like saB* 
cine, are decomposed by fermentation in contact with synaptase 
into sugar and a body derived from saligenine. 

Thus we have : 



Chlorosalicine = Sugar -f- Oilorosaligenine. 
^^»Ql J 0|4 = Cm Hj, Oj»-4- Cm qI > O4; 
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Bichlorosalicine = Sugar +Bicbloro8aligenine, 
C, g« J 0„ = C. H,. O,. + C„ ^J 0, ; and 
TerchloitMtalieiQe =: Sugar + Tcrchlorosaligeniney 
Cu Qj* > Om = C„ H,o 0,0 + Cm qi > .O4 . 

Chlorosaligenine forms very fine crystals, and is singularly like 
Baligenine in its outward characters. It c(^or8 <»! of yitriol, how- 
ever, green, whereas saligenine colors it red, as does also salicine. 
The two other compounds are obtained with much greater difficulty 
by the action of synaptase or bichlorosalicine and terchlorosalicine, 
owing to the very sparing solubility of these compounds. But their 
existence has been established. 

7. SAURETnrs. 

When saligenme is boiled with diluted acid, or heated beyond 
its melting point, it is changed into a resinous substance, which 
difiers from saligenine only by 2 eq. water. Its empirical formula 
is C|4 H« Oi , and therefore it is isomeric or polymeric with 
hyduret of benxoyle. 

It appears that chlorosaligenine, bichlorosaligenine, and terohlo- 
rosaligenine also yield resins when boiled with acids, and these 
resins are in all probability derived from saUretine, and composed 

€fC„Jj' j 0„Cu^i*J Ot'^NCll [ ^"' ^^ ^' ^^""^ "^"^ ^ 
named chlorosaliretine, bichlorosaliretine, and terchlorosaliretine. 

a Hbucine. C« H„ Ou = Ca H»o 0,0 + C,4 He O4 . 

This compound is formed when salicine is acted on by diluted 
nitric acid. When pure it forms small white needles, which con- 
tain, in addition to twice the above formula, 3 eq. water of crystal- 
Eiation. ' Helicine contains the elements of sugar and hyduret of 
salicyle, and is actually resolved into them l^ synaptase, and in 
other ways. It is no doubt formed by the oxidation of the sali- 
genine, producing hyduret of salicyle, which then unites with the 
suffar to form helicine. 

Helicine, when heated to 347°, is converted into an insoluble 
resinous mass. 

When the oxidation of salicine is carried farther, the sugar is 
destroyed, and yields formic and carbonic acids; but when the 
oxidation is insufficient to form helicine, there is produced a body, 
helicoidine, the empirical formula of which is Cm Ht4 On -f 3 eq. 
= 2 eq. sugar, C^ Iln On ; I eq. hyduret of salicyle, C^ II5 O4 ; 
and I eq. saligenine, C14 H^ O4 . 

By the action of chlorine, helicine yields chlorohelicine Cm 

^1* I ^'^' which is fonned of sugar and chloride of saficyl^ Oji 
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H ) 

Hio 0|o + C|4 Qi' V O4 . With bromine it yields a similar com- 

ponnd. 

Rutiline is the name given to the red compoimd formed by the 
action of oil of vitriol on salicine. When pure it is of a deep red- 
dish brown color; acids change it to a bright red, alcalies to a 
deep violet. 

9. Phloridzine. C« H» Om = C« H„ 0„ + 6 H O ? 

This is a substance, very analogous to salicine, which occurs in 
the bark of the roots of the apple, pear, plum, ^c. It is extract- 
ed in the same way as salicine, and resembles it much ; forming 
small scales, soluble in hot water, and in alcohol, very bitter, ^ and 
powerfully febrifuge. When boiled with dilute sulphuric acid, it 
yields a resinous compound, phloretine, analogous to saliretine, 
along with grape sugar. Phloretine is C^ His 0|o = Cm N^ O^ , 
H O ? and C„ H„ 0,o + Cj, H,4 0,4 = C^^ H„ 0„ . Acconling to 
Stas, however, phloretine is C^ H| O^ , or double or quadruple of 
this. The compound of phloretine with oxide of lead, he found 
to be Cit H( 0| , 2 Pb O ; which would indicate for hydrated 
phloretine, Ci, H, O, , 2 H O = Ci, He O4 , H O = C,, H, 0, ? 

By the action of nitric acid on phloridzine, there is formed a 

Suce-colored acid, nitro-phloretic acKi, which, according to Piria» is 
!io Hit N Oil ; according to Stas, Cm H,o N O^t . 
Phloridziine, Q^ H« N, 0^ ? — When moist phloridzine is ex- 
posed to air and ammonia, it is transformed into a deep-red comr 
pound, which dissolves in ammonia and may be precipitated by 
acids. It is equal to phloridzine, plus 8 eq. oxygen and 2 eq. 
ammonia. When dissolved in ammonia, and dncd in vacuo, it 
leaves a purple mass, with coppery lustre, which communicates to 
water a splendid blue color. This is a compound of ^hloridane 
and 1 eq. ammonia. The formation of this blue pigment is a very 
ffood example of that kind of eremacausis with the aid of ammonia^ 
by which indigo, litmus, orchil, dec, are produced from colorless 
bodies. 

When salicine was supposed to be C4f H9 0|o, phloridzine 
appeared to differ from it by only 2 e^. oxygen; but as that 
formula for salicine, accordinfi^ to riria, is erroneous, it is most 

Erobable that the formula of phloridzbe will require to be changed. 
\ is, therefore, marked as doubtful, along with its derivatives. 

XV. CiNNAMTLE. C,8 H, O, = Ci. 

The radical of essence of cinnamon, but unknown in a separate 
form. 

1. HtDUEBT of ClNNAlCTLE. Ci H =: Cn Hf 0|.=: C|| H«0|,H. 

This is the purified essence or oil of cinnamon. The oil of 
eommerce contams, besides cinnamic acid and two reaiosy all of 
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which hare been produced from the origina oil, Cn Hn Ot by the 
additions to 3 eq. of it, of 8 eq. oxygen. 3 (Cao Hn Ot ) + 0| =r 
0]t Hs O4 ^cinnamic acid) + Cn H^ O (a resin) ; + C^o H,, 0| 
(another resin), + 5 H O. With less oxygen, hyduret of cinna- 
myle, Cn Hg 0| , is formed, along with the resins, so that the oil 
cf commerce contains, besides the original oil, all the compounds 
above mentioned. 

The hyduret of cinnamyle, Ci H, is a fragrant oil. It forms 
with nitnc acid a crystalline compound, Ci H + N 0( , which 
when mixed with water is resolved into its constituents, hyduret 
of cinnamyle and nitric acid. When the hyduret is exposed to the 
air, it absorbs oxygen, producing cinnamic acid, Ci O, H =: Cig 
H,0,,HO. 

The fresh oil of cinnamon is, as has been stated. Cm H,i Of 
With 6 eq. oxygen from the air, it yields hyduret of cinnamyle 
and the two resins : with 2 eq. more, the hyduret passes into cin- 
Mmic acid. With oil of yitriol, 3 eq. of the fresh oil = Cm Hs3 
Ofy lose 3 eg. water, and form two resins, one = Cx» H^ ; the 
olber = C|o H|, Ot . With hydrochloric acid, it yields 'an oil and 
two resins ; one, Cjo H, O ; the other C^ H^ 0. 

2. CnwAMic Acid. C„ H,0, + H0 = CiO,HO. 

Formed by exposing oil of cinnamon to the air. It is moat 
easily obtained by dissolving the oil of balsam of Peru in an 
alcoholic solution of potash, evaporating to dryness, dissolving in 
liot water, and adding to the solution of cinnamate of potash an 
excess of hydrochloric acid. It crystallizes very readily, and may 
be sublimed. By the action of nitric acid, cinnamic acid is con- 
Terted into hyduret of bcnzoyle, and into an acid very similar to 
benxoic acid, lif not identical with it. When cinnamic acid is added 
to cold nitric acid, it forms an acid, C„ H7 N O, = C,, H9 O4 — 
H + ^ O4 ; that is, cinnamic acid, in which 1 eq. of nitrous acid 

k tnbetituted for 1 of hydrogen ; C„ | ^ O, , H 0. This is 

nttrocinnamic acid. Its salts detonate when heated. With oxide 

of ethyle, it forms a crystallizable ether, Ae O, Cis He N O7. 

When oil of cinnamon is mixed with fuming sulphuric acid, there 

is formed, according to Herzog, a new acid, sulphocinnamic acid, 

the formula of which is C,. He Ot , 2 S O, + 2 H O = C,8 H, 0,o 

8| . It is bibasic, and almost all its salts are soluble. 

When oil of cinnamon b acted on by nitric acid with the aid of 

beat, it yields bensoic and nitrobenzoic acids. By the action of 

chlorine, oil of cinnamon is converted into several new products, 

( H 
one of which is chlorocinnose, ^is ] nf o • ^^ ^ hyduret of 

ehnamyle in which 4 eq. of chlorine are substituted f(Hr 4 eq. 
cf hydfogeo. 
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Bakam of Peru contains compounds connected with cmnamylit 
The principal is an oil, cinnameine, which, when boiled with 
alcalies, yields cinnamic acid and a neutral oily body, peravin^ 
Cit Hii Ot : Cinnameine, heated with dry potash, yields hydn>> 
gen gas and pure cinnamate of potash. When exposed to cold» 
cinnameine deposits crystals, which have the same composition as 
hyduret of cinnamyle, and are therefore an isomeric modification^ 
analogous to benzoine. 

According to Rtchter, balsam of Peru contains two distinct oiIa» 
mjrroxiiine, insoluble in alcohol, and myriospermine, soluble in 
alcohol. With an alcoholic solution of potash, myriospennino 
yields an acid resembling cinnamic acid, but different from il^ 
myriospermic acid. 

BALSAM OF TOLU. 

Tolene; Benzoene. 

According to Dcville, balsam of tolu contains benzoic acid, 
and a body isomeric with hyduret of benzoyle ; also, cinnameiiie» 
and a liquid carbo-hydrogen, tolene, the formula of which is C^ 
Hii; besides several resins, and another liquid, carbo-hydrogen, 
analogous to benzole, the name given to which is benzoene, and 
its formula C^ H, . It boils at 226^ and its Sp. G. is 087 at 65^ 
"F. When acted on by nitric acid, benzoene yields two n^w com- 
pounds, in which the hydrogen is partly replaced by nitrous acid. 
These are, 1st, protonitrobenzoene, Ch tij N O4, which is liquid.; 
and, 2d, binitrobenzoenc, C14 H^ N| Og, which is a ciystalKne 
solid. By the action of chlorine on benzoene, Deville has abo 
obtained a series of compounds in which the hydrogen is replaced 
by chlorine ; these compounds, however, chiefly occur in com- 
bmation with hydrochloric acid. Benzoene dissolves in fumiiw 
sulphuric acid, and forms a crystalline mass of sulphobenzoenip 
acid, the composition of which, according to De\ille, is Ch H, 8| 
Of ; that IS, 1 eq. of hydrogen seems to be replaced by 1 eq. 
hyposulphuric acid. Perhaps a better name for this acid would 
be hyposulphobenzoenic acid. It is analogous to the sulpho- 
naphthalic or hyposulphonaphthalic acid. 

XVI. GUAIACYLE. C,4 Ht O4 ? 

Hyduret of Guaiacyle. C„ 11.04 = C„ H^ O4 + H ? 

When the resin or gum resin, called guaiacum, is distilled, there 
is obtained, among other products, a colorless oily liquid, which hm 
acid properties. According to Deville, it is analogous to the hydont 
of salicyle, which is also an acid, and is sometimes called sali- 
cylous acid. Indeed, Sobrero, who first obtained the acid from 
guaiacum, called it pyroguaiacic acid. If viewed as a hydroffaD 
acid, it wHl be the hyduret of guaiacyle, C^ H7 O4 + H, and Um 
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agrees with the formula deduced from analysis C^ He O4 , which 
is that of saligenine. The acid corresponding to salicylic acid has 
not been formed, but will probably hereafter be obtained. Its 
formula will be C^ Hg 0^ = 0,4 H^ O, , H O. But Thierry has 
obtained another acid, which he calls guaiacic acid, the formula 
of which is Ci, H, Oe = C„ H; O, , H O. Deville has also 
described another oil, which is neutral, and seems to be derived 
from this last acid, as benzole from benzoic acid. Its formula is 
O|0 He 0| ; and it is derived from the acid C|t Hg O^ by the 
separation of 2 eq. carbonic acid ; for Ci, He Oe — 2 C Ot = C|e 
H| 0| . This neutral oil has been called guaiac^ne. 

In the preceding pages we have considered a large number of 
compound radicals, constituting chiefly the group of radicals 
analogous in their relations to chlorine ; namely, cyanogen ; fer- 
rocyanogen and its numerous congeners ; sulphocyanogen ; and 
meUone. We have only described one i-adical, amide, which has 
a tendency to produce basic compounds, such as ammonia, am- 
monium, and the platinized bases ; and one, carbonic oxide or 
oialyle, the chief tendency of which is to form acid compounds, 
snob as oxalic, carbonic, rhodizonic, croconic, and mellitic acids. 
Finally, we have studied three ; namely, benzoyle, salicyle and 
eimiamyle, whose characteristic is to form essences or fragrant 
volatile compounds, with hydrogen, acids with oxygen, and pecu- 
Kar compounds with chlorine, iodine, <Sec. This last group would 
appear to have a strong tendency to form acid compounds : for not 
ooly is an acid formed by the union of salicyle and oxygen, but 
the hyduret of salicyle is a decided acid, and may be represented 
as salicylous acid, C14 H5 0| , H O, isomeric with benzoic acid, 
instead of hyduret of salicyle, C,^ H, O4 , H. Further, the chloride, 
bromide, and iodide of salicyle, although they contain salicyle, 
phis those elements, are all strong acids, and appear to be in fact 
anhydrous salicylic acid, with I eq. of chlorine, <fec., substituted for 
1 eq. of oxygen. It is evident that this group of radicals, so well 
eharacterized by their hydrogen compounds, does not correspond 
eiBCtly to any simple radical, but has characters common to differ- 
enl groups of elementary radicals, being, however, analogous in 
more points to carbon, sulphur, and phosphorus, than to any other 
elements. In studying the decomposition of the compounds of 
nUcyle, we have met with the very remarkable fact of the pro- 
duction from that radical of a series of compounds : namely, anilic 
aeid, nitropicric acid, carbolic acid, &c,, probably derivatives of a 
totally difi^rent radical, phenyle ; which radical is also met with 
in numerous other decompositions, and especially in the decom- 
poeition of indigo by nitric acid, by alcalies, and by heat, and in 
the destructive distillation of coal. This is an important consider- 
ation, as every day's experience tends to identify with each other 
the prodncta of deoomposiUon of different and apparently quite 

9 
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nnoonneoted organic compoiinds, even in cases where these pro* 
ducts have been describ^ as diflferent Another very important 
fact which has come under our notice is the occurrence of salicy- 
late of oxide of methyle as the chief ingredient in the oil of gaiu- 
theria. Not only is the occurrence of salicylic acid interesting^ 
since this acid was only known before as an artificial product, but 
the existence, in this oil, of oxide of methyle, hitherto only known 
as a product of destructive distillation, goes far to confirm the 
theory which admits this radical, methyle, and others similar to it. 
All the properties of the oil of gaultheria entirely agree with the 
doctrine of its containing two radicals, methyle and salicylc ; the 
former oxidised as a base ; the latter, also oxidized, as an add. 
It is remarkable, however, that even thb compound plays the pari 
of an acid, and forms crystalline salts with the alcalies into which 
it enters unchanged. This is so well marked a character that the 
(h1 has been called ffaultheric acid, and the salts gaultherates. 

We now proceed to consider that group of radicals to which 
methyle belongs, and which are analogous, in their relations, to 
metals, more than to any other class of elements ; forming, like 
metals, bases with oxygen. This group contains Ethyle, Methyle, 
Amyle, Glyceryle, Cetyle, Allyle, and Cacodyle ; b&sides sevend 
radicals, derived from the decomposition of these ; as, Acetyle 
from Ethyle, Formyle from Methyle, and Acryle from Glyceryle. 
These latter, however, belong to that group which are analogow 
to the combustible metalloids, and form acids with oxygen, instead 
of bases, like the radicals from which they are derived, and in 
connection with which they shall be described. 

XVII. Ethyle. C4H, = Ae. 

Unknown hitherto in a separate form ; but very well known m 
anhydrous oxide, or ether, and hydrated oxide, or alcohoL Than 
compounds have not yet been found as natural products of vese* 
table life, although it is probable that the fragrance of certain fnuti» 
such as pine-apples, melons, apples, is deriv^ from compounds of 
ethyle. The compounds of ethyle, especially alcohol, are, how« 
ever, very abundantly produced by the fermentation of 
vegetable juices, such as that of the grape. The alcoholic or 
ous fermentation of sugar is a metamorphosis, induced in the sugv 
by contact with yeast or ferment, which is gluten or fibrine in n 
state of decomposition. In this metamorphosis, the particles of 
the ferment only act in communicating mechanical motion to thoae 
of the sugar : they do not join the elements of the sugar in pro- 
ducing new compounds, but are decomposed separately ; while the 
elements of the sugar, plus a small proportion of the elements of 
water, form two compounds, alcohol and carbonic acid : Cjt Hu 
0„ + H O = 2 (C4 H, , O + H 0) + 4 C O,. Grape sugar, 0^ 
H|« Oj4, loses 2 eq. of water during fermentatioD, yiekUi^ oUmt* 
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me txaody ihe same results as cane sugar. Sugar of m3k. On 
Hii 0|t» is converted by fermentation into alcohol and carbonic aoid» 
irkbout losing or gaining weight. 0^ Hh Oh = 2 (G4 He Of) -4* 
4C0|. 

1. OxiDs or Ethtle. AeO:sC4Hft,0. 

Stn. Hiker. Sulphuric J^^Aer.-^-This compound is obtained 
fiom akohol, its hydrate^ by heating it gently along with sulphuric 
or phosphonc acid, which removes the water, or at all events causes 
the separation of the ether from the water. The best process is 
m follows : 5 parts of alcohol, of at least 90 per cent, are mixed 
wiUi 9 of sulphuric add, and the mixture introduced into a retort, 
where it is rapidly heated to the boiling point, and kept at that 
pointy while by means of a bent tube passing through the cork 
which stops the tubulure of the retort, and furnished with a stop- 
oock, fresh alcohol is allowed to enter the retort, so as to keep the 
liquid constantly at the original level, flowing in exactly as fast as 
the ether, &o., distils over. The products are condensed in a 
powerful refrigeratory, such as liebig's, figured at p. 296 : they 
consist chiefly of ether, with water in such proportion as would 
ooovert the ether into alcohol ; and a very little alcohol, sometimes 
nooe at all. The operation may be advantageously continued 
votil 81 parts of alcohol at 90 per cent, have flowed into the 
letort^ and of course an equal volume of ether and water has din* 
tilled over. 

This process, as to its final result, may be thus expressed : Ae 
O. H O + 2 (H 0, S 0,) =: 2 (H O, S O,) + H O + Ae O. That 
is, the aotioD of heat and oil of vitriol has caused the separation 
of the ether and the water, which, together, constitute alcohol 
And it is to this view of the change, which he considers one of 
decomposition by contact, that Berselius applies his theory of a 
oatalytic force. But in reality, the process consists of two stages : 
the first is the formation of bisulphate of oxide of ethyle (sulpho- 
Tiuic acid), Ae O, H 0, 2 S 0| ; and the second is the decompo- 
•tion of this by heat, into Ae O and H O, 2 8 O,. The bisul- 
phate is formed when a mixture of 2 eq. oil of vitriol, 1 eq. alcohol, 
and from 1 to 3 eq. water, is heated to about 285^ ; and at almost 
precisely the same temperature, the bisulphate b decomposed, 
especially if the liquid be kept in steady ebullition. Now, the bi- 
•ulphate contains anhydrous sulphuric acid, ether, and water, 2 8 
O9 + Ae O + H O ; and when decomposed, the sulphuric acid 
seizes the water, thus preventing the ether from uniting with it, to 
reproduce alcohol. The ether, therefore, distils over ; but as, when 
the bisulphate was formed, ether, Ae O, displaced water, H O, 
from half the oil of vitriol, so now, when the bisulphate is decom- 
po:ied, and while its water is retained by the 2 eq. anhydrous 
acid, the vapors of ether traverse a liquid containing oil of vitriol 
diluted^ both with the water displaced from the other part of it bj 
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die ether, and with the water of the alcohol (which at 00 per 
cent, amounts to 2 eq. for one of ether, one comhined with the 
ether, to form the alcohol, the other servinff to dUute it.) Now a 
sulphuric acid, thus far diluted, and heated to a temperature even 
short of 285°» gives off water, and, therefore, the vapor of ether, 
in passing through this acid, becomes saturated with the vapor of 
water, without combining with it, and thus ether and water distil 
over together. At the surface of the bcHling, or effervescing 
liquid, however, the ether produced by the decomposition of the 
bbulphate is brought into contact with water m the nascenl 
state, also derived from that decomposition, and in this manner, 
according to Liebig, a little alcohol is reproduced, and distils over 
with the ether, the ether being produced in the body of the liquid, 
the alcohol only at the surface. It is certain that a little alcohol 
generally accompanies the ether, even in the most successful oper- 
ation ; but it is not easy to see bow, according to the above exp]a« 
nation, the sulphuric acid which, in the body of the liquid, is able 
to prevent the ether from combining with water, should faU to do 
80 at the surface. The ether and water, it would appear, are 
equally in the nascent state in both situations. While, therefore, 
we admit Liebig's very beautiful explanation of the facts connect* 
ed with the production of ether, we cannot feel the same certain^ 
in regard to his explanation of the simultaneous occurrence oif 
alcohol. It will now be seen how little necessity there is for 
resorting to the mysterious agency of catalysis ; for the change is 
not one due to contact alone, but, on the contrary, one depeiSii^ 
on strong affinities very nicely balanced, and influenced to a very 
great extent by the degree of heat employed. The idea that Uie 
contact of the oil of vitriol caused the ether and water of alcohol 
to separate, arose from the circumstance that the formation of the 
bisulphate of ethyle takes place at a temperature quite close to 
that at which it is decomposed, and that the formation of the bisul* 
phate in this process had been overlooked. 

The crude ether is mixed with an alcoholic solution of potash 
so as to render it alcaline, and distilled in the vapor-bath, as long 
as the Sp. G. of the product does not exceed 0*725 at 80^. The 
ether is then digested for a few days with chloride of calcium, or 
quick-lime, and rectified once more with one of these substances. 
When pure, oxide of ethyle is a colorless, very mobile, highly 
refracting liquid, of Sp. G. 0*725 at 60^. It is very volatile^ 
boiling at 76^, and producing intense cold by its evaporation. It 
has a pungent, cooling, aromatic taste ; and a penetrating, agreeable 
odor. It is very combustible, and its vapor is apt to form dan- 
gerous explosive mixtures with air. When , oxidized slowly, it 
yields aldehyde, nldchydic acid, acetic and formic acids. 

Ether is used in medicine as a diffusible stimulant, and in chem- 
istry, as a solvent, especially of organic matters, such as fats faX 
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aSBt oflBential oils, resins, same acids, and some bases. Its vapor, 
when mixed with air and inhaled, produces a species of coma, or 
al kast, in most cases, insensibility to pain; and this method 
ia now resorted to to facilitate the performance of severe surgi- 
cal operations. Great care must be taken to avoid the approach 
of a light to the mouth of the patient inhaling it, which might 
oanse explosion of the gaseous mixture, or inflammation of the 
ether, and thus inflict a fatal injury. Care must also be taken to 
have air enough mixed with the vapor of ether, which, if inhaled 
alone, would cause asphyxia. 

In its relation to other bodies it exhibits the characters of a base, 
neutralizing acids, and forming compounds which are subject to 
the laws of double decomposition, like salts of inorganic bases. 
Hiese salts of oxide of ethyle are, commonly, ethereal hquids,^ 
many of them crystallizing at low temperatures, and a good many 
being solid and crystalline at ordinary temperatures. They are 
olten called ethers with the name of the acid; as, acetic ether, 
benzoic ether, <fec. Those ethers which contain organic acids are, 
for the most part, fragrant, and it is probable that many fruits owe 
their fragrance to the presence of the ethers of organic acids. 
The melon and pine-apple, as well as the apple, have exactly 
the odor of some such ethers. The formula for the salts of 
<HDde of ethyle corresponds to that for the salts of potash, &c. 
Thus, as K 0, A represents acetate, and K O, Bk benzoate of 
potash, so Ae 0, A or Ae O, Ac Oj , and Ae O, Bs or Ae O, Bz O, 
represent the acetate and benzoate of oxide of ethyle. 

The analogy between ether and metallic protoxides is farther 
•bowB in the action of both on hydrochloric acid and its conge- 
nere; for while K O, with H CI yield H O and K CI; so Ae O + 
H CI =: H O + Ae CI ; that is, ether, with hydrochloric acid, yields 
water and chloride of ethyle. The same b . true of the bromide, 
iodide, dec, and by proper means, both the cyanide of ethyle, 
Ae Cy, and the sdphide of ethyle, Ae S, may be obtained. In 
short, we cannot better connect and classify the numerous facts 
BOW known in regard to ether, than by adopting the view, which 
considers it as the basic oxide of ethyle, a compound radical very 
analogous to a metal. 

2. HydraU of Oxide of Ethyle, Ae O, H O == C4 H, O, H O. 
8th. Alcohol, — This compound is formed when ether and water 
aiMet in the nascent state, as we shall see occurs when some of the 
aekl salts of ethyle are heated or otherwise decomposed. But 
practically, it is produced entirely from sugar, by fermentation. 
The juice of the grape, or any other sacchanne juice, or an infn- 
lioa of malt, when exposed to the air for a short time, and then 
to a temperature of from 40^ to 85^, s^on enters into fermentation 
and a lai^e quantity of carbonic acid is given off, while the sugar 
MaDj dinppean and alcohol ia found in its place. A pure aolotioii 
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of su^ in water does not ferment, bat on tbe addition of 
▼east It does so. The juice of the grape and the mfuaion of mak 
both contain, besides sugar, some boay which plajs the part of 
yeast, or ferment This is, in the grape juice, fibrine, and in tha 
malt, gluten, both of which readily enter into putrefaction, when 
exposed to air and m(»8ture, and being in this state, their particles 
in motion, this motion is communicated to the particles of si^ar, 
and the existing equilibrium of affinities being thereby disturbed^ 
new compounds are formed, in this case ucohol and earboiao 
acid. 

The subject of fermentation will be afterward fully discussed : in 
the meantime, it is to be observed that any similar substance, in • 
state of putrefaction, will induce the fermentaticHi of sugar; aa, 
for example, putrefying flesh, blood, milk, cheese, white of aa 
egg, urine, <fec., &c,, and that none of these ferments contribute to 
the production of the alcohol or carbonic acid, but yield ammonia 
and other products. Crystallized cane sugar, C,| Hn On , requiret 
the elements of 1 eq. of water, to yield 2 eq. alcohol, C| H,| O^^ 
and 4 eq. carbonic acid 4 C 0| == C4 O, ; and grape sugar. On 
Hi4 0|4, produces, besides the alcohol and carbonic acid, 2 eq. of 
water. Thus we have C„ H„ 0„ + H O = 2 (C4 H, O,) + 4 
0,; and C„ H,4 0,4 = (C4 He O,) + 4 C 0, + 2 H O. 

From the fermented liquid, which, in the case of the grape jiiioa^ 
is wine, in that of malt, beer, ale, or wort, the alcohol is separatod 
by distillation, and being more volatile than water, it predominate 
in the first portions distilled. These constitute, when from wiae^ 
brandy; when from a fermented infusion of malt, whiskey; and 
when from fermented solution of molasses, rum. In these fonaas 
it still contains 30, 40, or more per cent, of water and a little 
volatile odoriferous oil. It is again rectified and the first porttooa 
distilled are colorless, and go by the name of spirits of wine. 
After another rectification they are called rectified spirits of wine. 
They now contain only alcohol with from 10 to 20 per cent of 
water, which is removed by digesting the spirit with quiek-llme^ 
and distilling ; or by rectifymg over dried carbonate of potash, or 
chloride of calcium. 

Pure or absolute alcohol is a coloriess mobile fluid, of Sp. O. 
0*795 at 60^, and boiling at 173^. It has a burning taste, and a 
pleasant fruity smell. Rectified spirit of wine, that of 90 per cent, 
IS very similar to it, having the Sp. G. 0'825 to 0*836 : ordinary 
spirit of wine, at 70 per cent, has the Sp. G. 0*880. Pure alcohol 
hAS never been frozen. It is very combustible, and produces, m 
burning, a very intense heat. Hence spirit of wine is much used 
in lamps for chemical purposes. Alcohol has a strong attraction 
for water, and on this account acts as an antiseptic, preservinr 
animal and vegetable substances from putr|faction. The strenral 
«f alcohd ia ascertained by ita apecifio gravity; and a)l cifcegiml 
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wwks eoQtam tables of the relation between the density of the 
spirit and the per centage. 

Alcohol is a powerful diffusible stimulant, and has intoxicating 
{noperties. It is much used as a solvent, for many, indeed most 
vegetable acids and bases, for volatile oils, for resins, and for many 
aalts, even inorganic. Most deliquescent salts are soluble in 
•loohol, as are the caustic alcalies and iodine. Acids act on 
alcohol, producing the compound ethers. Solutions made with 
proof spirit (a mixture of equal volumes of rectified spirit of wine 
and of water, Sp. G. 0*960), are called tinctures. 

3. Ohkride of Ethyle, Ae 01 = 04 Hj, 01— Is prepared by 
anturatine alcohol with hydrochloric acid gas, and distilling the 
aiiitttre m the vapor bath, collecting the product in a well cooled 
reeeiver. It is formed as follows : Ae O, n O + H 01 =± Ae 01 + 
8 H O. It is dried by d^estion with chloride of calcium. It is a 
•olorless liqaid, Sp. G. 0*674, boiling at 52^, of an aromatic odor, 
slightly alliaceous. When exposed to the combined action of chlo- 
ine and the sun's ra3rd, it yields by substitution a whole series of 
ehiorinized ethers, of which series one extremity is ether {C^ H^) 
O ; and the other perchloride of carbon (€« 01s) 01 = 2 0| 01| . 
With an alcoholic solution of protosulphide of potassium K S, it 
gives chloride of potassium and sulphide of ethyle : Ae 01 + K S 
CB Ae S + K 01. With hydrosulphide of sulphide of potassium, it 
yiekls mercaptaa, which is alcohol, in which all the oxygen has 
been replaced by sulphur: Ae 01 + K S, H S==K 01 + Ae 8, 
H 8 ; the latter, mercaptan, being analogous to Ae 0, H O. 

4. Bromide of Ethyle — Form^ by distilling bromine with alco- 
kol and phosphorus. These are first formed when the materials 
•re mixed, phosphorous and hydrobromic acids, and the latter 
when heated with the alcohol, decomposes it, yielding Ae Br, which 
resembles the chloride. 

6. Iodide of Ethyle, Ae I — Formed by a similar process, is 
analogous to the two preceding compounds. 

6. Sulphide of Ethyle, Ae S — Is prepared, as above stated, 
from the chloride by sulphide of potassium. It is a colorless 
fiqnid, boiling at 167^, of a strong offensive alliaceous smell. 

7. Hydrosulphide of Sulphide of Ethyle or Mercaptan, Ae S, H 8 
= 04 H, S, or O4 H,, S + H S. — This very remarkable com- 
pound is formed when a solution of the double sulphate of lime 
and oxide of ethyle (sulphovinate of lime) of Sp. G. 1*28, is dis- 
tilled with its own bulk of a solution of potash of the same density, 
pireviously saturated with sulphuretted hydrogen, and converted 
Bito K 8, H S. The volatile product, after digesting it with a little 
oxide of mercury and chloride of calcium, to remove sulphuretted 
liydrogen and water, is mercaptan. Its formation is thus explained ; 
rCa O, 8 O, + Ae O, S O,) + K S, H 8 = Oa O, S O, + K 0, 8 
0^ + Ae 8, H 8. Pure mercaptan is a colorless liquid, very 
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mobile, boiling at 91°, of Sp. G. 0*842. It has a most penetraimff 
and offensive odor of onions, as it were concentrated, which 
adheres obstinately to the hair or clothes, so that it is most un- 
pleasant to ezpenment upon. As above mentioned, it is formed 
from alcohol by substitution of sulphur for oxygen ; and as alcohol 
is the hydrate of oxide of ethyle, Ae 0, H 0, mercaptan is the 
hydrosulphide of the sulphide of ethyle, Ae S, H S. The sulphide 
of ethyle, Ae S, corresponds to the oxide, ether, Ae O. 

Mercaptan acts strongly on some metallic oxides, especially 
those of the noble metals, such as mercury, gold, platinum, dco. 
The metal takes the place of the hydrogen of the sulphuretted 
hydrogen in mercaptan ; thus M O + (Ae S, H S) = H O + (Ae 
S, M S). The red oxide of mercury is acted on by mercaptan, and 
converted into a white crystalline compound, called the mercaptide 
of mercury; oxide of gold forms a gelatinous white mercaptide;- 
and oxide of lead yields lemon yellow crystals of mercaptide of 
lead, Ae S, Pb S. 

Mercaptan may also be viewed as H + Ae St, in which case the 
above metallic compounds will have the general formula M -f Ae 
Sa . Here the supposed radical, the mercaptan of Zeise, is bbul* 
phide of ethyle ; so that on either view mercaptan is connected 
with ethyle. 

Zeise has described under the name of thiahc oil or ether, 
another very fetid compound, which seems to be Ae S|, or persul« 
phide of ethyle. 

Selenide and cyanide of ethyle are both volatile alliaeeow 
offensive liquids, formed when sulphide of ethyle and potash b 
distilled with selenide or cyanide of potassium. Sulphocyanide 
of potassium, alcohol, and sulphuric acid, when dissolv^ together* 
yield a most offensive volatile liquid, supposed to be, or at all 
events to contain, sulphocyanide of ethyle. It will be observed 
that all these compounds of sulphur with ethyle and similar bodies 
are characterized by odors resembling that of garlic, but so 
intense and penetrating as to be insupportable. This character is 
observed in all volatile organic compounds of sulphur, whether 
artificial, as the above, or natural, as oils of garfic, assafcetida* 
horseradish, dec. 

7. Salts of Oxide of Ethtle. 

Oxide of ethyle forms both neutral and acid salts. The neu- 
tral salts are not at ordinary temperatures decomposed by other 
salts, like inorganic saline compounds. Thus an alcoholic solution 
of chloride of calcium does not cause any precipitate in an alcohol 
solution of oxalate of oxide of ethyle or oxalic ether. But they 
are easily decomposed by contact with hydrated alcalics, the acid 
uniting with the alcali, while the oxide of ethyle separates as 
hydrate, that is, as alcohol. Thus oxalic ether, C| 0|, Ae 0, 
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with hydrate of potash, K O, H O, yields oxalate of potash K O, 
Pi O,, and hydrate of oxide of ethyle, Ae O, H O. 

Oxide of ethyle has a very great tendency to form double salts, 
in which there are 2 eq. of the acid, 1 eq. of a base, and 1 eq. 
oadde of ethyle. In these salts, the acid, as in the neutral salts, 
OttiDOt be detected by the usual tests ; and indeed they may be 
▼iewed as simple salts, containing a compouqd acid, of which 
pnde of ethyle is a constituent, united to the inoiganic base. 
Thus the double sulphate of ethyle and potash, K O, S 0| + Ae 
0, S Oj, may be viewed as sulphovinate of potash, K O -f Ae O, 
S 8 0|; ana sulphovinic acid is, on this view, when separated, 
HO + AeO, 2S0,. 

The acid salts of ethyle are on one view double salts, as, for 
example, the double sulphate formed of sulphate of ethyle, Ae O^ 
8 O,, with sulphate of water, H O, S O,. On the other view, 
they are compound or coupled acids, and> the above example 
becomes, as mentioned in the last paragraph, sulphovinic acid, 
H O + (Ae 0, 2 S OX the hydrate of a compound of anhydrous 
sulphuric acid with etner. These acid salts are decomposed, by 
boinng with water, into alcohol which distils over, and hydrated 
acids which remam behind. When distilled with the salts of 
Tolatile acids, they yield the ethers of those acids : formiate and 
acetate of ethyle may be thus obtained. When an acid salt of 
ed^k is heated with acids not volatile, it often happens that the 
ethers of these acids are obtained : this is the case with the fatty 
acids and with some othera. 

8. Add Sulphate of Oxide of Ethyle, H O, S 0, + Ae 8 O,— 
la also called sulphovinic acid, H + Ae O, 2 S 0|). Snl- 
|diiiric acid forms no neutral compound with oxide of ethyle. The 
acid salts is formed when the vapor of ether is conducted into oil 
of Titriol, or when oil of vitriol is mixed with alcohol and heated 
to a certain point. To obtain it pure, the double sulphate of 
ethyle and baryta (sulphovinate of baryta) in solution, is decom- 
poaed by sulphuric acid, and the filtered liquid is a solution in 
water of the acid sulphate. It has a very sour taste, and cannot 
be concentrated by evaporation, whether at the ordinary tempera- 
ture or with the aid of heat, without being decomposed into 
afeohol and sulphuric acid. It forms, with most bases, crystalliza- 
Ue double salts, which are all soluble, so that, for example, the 
addition of baryta causes no precipitate if the acid be pure. Aa 
the acid sulphate itself is called sulphovinic acid, so these double 
salts are caUed sulphovinates. It is because all Uiese salts aie 
aoinble, that the usual tests cannot detect the sulphuric acid they 
eOQtain. When, however, their solutions are boiled with a little 
hydrochloric acid, alcohol is given off, and then the sulphuric acid 
may be detected as usual. All these salts are decomposed by 
haa^ yiddiogp according to the temperature, double salphate o( 
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ethyle and ctherole, alcohol, sulphurous acid, defiant gas, and t 
sulphate as residue^ mixed with charcoal. When heated wiUi 
hjdrated alcalies, they yield sulphates and alcohol. The doable 
sulphate of ethyle and potash crystallizes in shining scales, whiek 
are the anhydrous salt, K 0,8 O, + Ae O, S O, . The harj^ 
salt contains 2 eq. of water of crystallization, and forms beantilvd 
tabular crystals, as do also the salt of lime, and the salt of lead» 
both of which likewise contain 2 eq. of water. These three saNs 
are all composed according to the formula, M 0, 8 0, + Ae 0» 
8 Ot + 2 eq. water. 

9. Acid Phosphate of Oxide of Ethyle — Or phospboyinie add, 

Pi ^i\ aXs f\ ^ formed in the same way as sulphovinic aeid» 

' ' ( Ae O 

and obtained pure from the double salt of baryta, ^t 0« i o n^ q 

+ 12 H O. It is a tolerably permanent acid, decomposed only 
by a high temperature. With bases it forms double salts, in 
which the 2 eq. water of the acid are replaced by 2 eq. of a 
protoxide. The baryta salt, the formula of which k gifOI 
above, crystallizes m pearly scales. 

OXIDE OF ETHYLE WITH NmilC ACID. 

10. Nitrate of Oxide of Ethyle. Ae 0» N Of 

When 2 fluid ounces of alcohol, and 1 fluid ounce of pure bMs 
aoid, of 8p. G. 1*4, are distilled together, with the addition of 10 
or 20 grains of urea, to destroy any nitrous or faypooitrous aoUt 
the distillation proceeds calmly and smoothly, and the distilled 
liquor contains water, alcohol, and nitrate of ethyle, which putlf 
separates toward the end of the process, as a heavy oily atratuil^ 
and is more completely separated by the addition of water. Il li 
a colorless hquid, of Sp. G. 11 12; which boils at 165^ and li 
inflammable, burning with a bright white flame. It is quite iiiMll> 
uble in water but very soluble in alcohol; and it poaaessea m 
pleasant smell and sweet taste. An alcoholic solution of potarii 
converts it into alcohol and pure nitrate of potash. 

11. Hyponitrite of Oxide of Ethyle. AeO, NOs. 

8yn. Nitrous Ether, Nitric Ether. — This is best prepared kl 
a state of purity, when a current of hyponitrous acid vapon^ 
derived from starch and nitric acid, is passed through weak ale^ 
hoi, the product being condensed in Liebig's refrigeratory. TIm 
ether is washed with water, and dried by means of chloride ef 
calcium. The whole apparatus must be kept cold, otherwise die 
action is too violent, and the results very complex. When nitrooi 
ether is made by the usual processes, in which ordinary nitric acid it 
mixed with alcohol, the product always contains a large moportm 
of aldehyde^ and, m faot, very little of the true ellMn The lelta 
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b this case b as follows: 2 (C4 H« O,) + N 0^ = C4 H, O, H 
(•Idehyde), + 3 H O + (C4 H, O + N O, ). The pure hyponitrous 
ether, prepared by liebig's process given above, is a pale yellow 

a aid, boiling at 62°, of Sp. G. 0-947. It has a very agn'eable 
or of rennet-apples. With an alcoholic solution of potash, it 
jields alcohol, and pure hyponitrite of potash. The sweet spirit 
«f nitre or spiritus stheris nitrosi of the pharmacopoeia, is a solu- 
tkm of the impure hyponitrous ether in alcohol. 

12. Carbonate of Oxide of Ethyls. Ae O, C O, . 

Btn. Carbonic Ether, — When oxalic ether is acted on by potas- 
Mm, there are formed several products, one of which is this ether. 
When pure, it is an aromatic liquid, of Sp. G. 0*975, boiling at 200^. 
An alcoholic solution of potash converts it into alcohol and car- 
bonate of potash. Chlorine acts on it, forming products to be 
deacribed when we treat of the action of chlorine on ethers gener- 
ally. 

13. LwbU Carbonate of EthyU and Potash, K O, C 0| + Ae 0, 
Ot» — Is formed when dry carbonic acid gas is passed through 
n alcoholic solution of fused potash. A saline mass is obtained, 
fipom which, after washing with ether, alcohol dissolves the double 
aalt, leaving carbonate and bicarbonate of potash. The double 
mH forms pearly scales, which are decomposed by water, into 
aloohol and bicarbonate of potash. 

14. OmlaU of Oxide af Ethyle, Ae 0, C| 0, . Syn. Oxalic 
MAtr, — This ether is formed by dbtilling 4 parts of superoxalate 
il potash, 6 of oil of vitriol and 4 of alcohol at 90 p. c, mixing 
the product with 4 times its bulk of water, and washing with water 
fbe ether which separates, until all free acid is removed. The 
•tber 18 then rectified. It is a colorless liquid, of Sp. G. 1*098, 
boiling at 364^. It has an aromatic smell. If pure, it may be kept 
vuier water ; but if a trace of alcohol or oxalic acid be present, 
il is soon resolved into oxalic acid and alcohol when in contact 
with water. Fixed alcalies cause the same change. When an 
eseeiB of ammonia is added to it, oxamide is formed: where 
the ether is in excess, there is formed a substance in bc*autiful 
peariy tables, formerly called oxamethane, but now proved to be 
onmate of ethyle. These two reactions are easily explained. In 
liie first case, Ae O, C, O, + N H, = (Ae O, H O) + (C, O., N 
H|). In the second, half the ether undergoes the above change, 
iad the other half combines with the oxamide formed : Ae O, Cg 
O, + C, 0„ N H, = Ae O, C4 N H, O,. Chlorine acU on ox- 
ain ether, giving rise to products which will be hereafter described 
iliM^ with the results of the action of chlorine on other etheis. 

When to an alcoholic solution of oxalic ether there is added 
mtamA of an alcoholic solution of potash or soda to decompose 
is Ur ol tbi oUmf, dooUe lalta are obtained, of the fonnda 
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M 0, C, O, + Ae 0, C, O,. When the alcoholic solutkm of the 
double oxalate of ethyle and potash is treated by fluoulicic acid 
there is obtained the acid ozalEite of ethyle, H 0, Ct 0| + Ae 0» 
Ct Ot, wliich is often called oxalovinic acid. The salt of potash, 
K O, C| O, + (Ae O, C, O,) (oxalovinic of potash) forms crys- 
talline scales, soluble in alcohol. The oxalovinate of baryta is 
extremely soluble, and may be used to furnish the' other oxalovin- 
ates, by acting with it on the soluble sulphates of different bases. 

15. Oxamate of Oxide of Ethyle, Cg N Hy O = Ae 0, C4 N 
H| O4 = Ae O, Of Oj + Ad, C| 0| — Is formed, as above stated, 
when ammonia is cautiously added to an alcoholic solution of oxalio 
ether, until a white powder (ozamide) begins to appear. The 
liquid now yields fine pearly tabular crystals, formerly called 
ozamethane. It now appears to be oxamate of ethyle, but maj 
also be viewed as oxalate of ethyle, plus oxamide. By an exeeai 
of ammonia, it is converted into alcohol and oxamide. The actioa 
of ammonia on oxalic ether has been explained above. 

16. Sulphocarbonate of Ethyle and Water, Ae O, H 0, 2 C St. — 
When bisulphide of carbon is added to a strong alcoholic solution 
of potash, a salt is obUuned, in colorless or yellow needles, which 
is a double sulphocarbonate of ethyle and potash, K O, C S| + Ae 
O, C S,. When this salt is acted on by diluted sulphuric or 
hydrochloric acid, there is obtained a heavy oily liquid. This v 
the acid compound in question, H 0, C S, + Ae O, C S,, f mmeriy 
called xanthic acid, from the yellow color of its salts. With bases 
it ^ves rise to double salts, like that of potash, just menttonedy 
which were called xanthates. The salt of protoxide (suboxide) of 
copper is lemon yellow. 

17. Allophanate of Oxide of Ethyle. — This compound is formed 
when the vapor of hydrated cyanic acid is brought in contact with 
a mixtufe of ether and alcohol. It foms brilliant prisms, which 
may be purified from cyamelide by bein? dissolved in boiling alco- 
hol, or in boiling water. Its formula is Cg Nt He Oe = C4 H« 
Oi C4 N| Hg 0|. It was formerly supposed to consist of 2 o], 
hydrated cyanuric acid, 3 eq. oxide of ethyle, and 3 eq. of water; 
and it is, in fact, resolved by heat into alcohol and cjraniuic add. 
But Liebig and WOhler have shown that it is composed of oxide 
of ethyle and of a new acid, namely, anhydrous allophanic acidt 
O4 Nt U| Os . The former view was quite anomalous, since oxide 
of ethyle unites only with anhydrous acids ; and the latter, there- 
fore, brings the compound into the ordinary category of compound 
eUiers. 

Allophanic acid is unknown in the hydrated or separate state, 
the formula of which would be C4 N, H, O,, H O = C4 N, H« 
Oe. It forms crystallizable salts with baryta, potash and soda; 
but when we attempt to isolate it, it is resolved mto urea and car* 
bonic acid: C4 N, H4 0. = C, N, H4 O. + 2 C O.. ADoiduuDis 
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add 18 produced by the acUon of 2 eq. of hydrated cyaoio acid 

on 1 eq. of alcohol The water of the alcohol, added to the 

oyuuc acidy produces the new acid, which combines with the oxide 

• of eihyle. Thus, 2 C, N 0. H + C4 H. d H = C4 H, O 

4- C N H O Uydratod cjaaie add. Alcohol Ozi«to of othyto. 

.^ , 1 

Allophuue acid. 

18. Bemcate of Oxide of EthyU, or Benzoic Ether, Ae 0, Bz O, 
—Is best formed by distilling 4 parts of alcohol, 2 of benzoic acid, 
and 1 of strong hydrochloric acid. The ether distils over with 
alcohol, from which water separates it. When pure, it is an oily, 
colorless liquid, of a faint agreeable aromatic odor, and* an acrid, 
siuey taste. Its Sp. G. is 1*054, and it boils at about 410^. Chlo- 
ime decomposes it, giving rise to several products, probably by 
tabstitution. 

19. Hippurate of Oxide of EihyUy or Hippuric Ether, C4 H4, 
4- C|t N H, Of , — Is formed by passing a current of hydrochloric 
acid gas through a solution of hippuric acid in alcohol, and heating 
the mixture for some time near to its toiling point. The addition 
i£ water separates a thick heavy oil, which when purified from 
alcohol and hydrochloric acid, and placed in vacuo, along with 
sulphuric acid, forms a solid ciystalline mass, composed of silky 
needles. It is decomposed, like other ethers, by alcalies, and by 
boiling with water. 

20. Salicylate of Oxide of Ethyle, C4 H, , + €,4 H, , O4 , — 
b obtained by distilling 2 parts of alcohol, 1^ of salicyhc acid« 
and 1 of sulphuric acid. W hen purified from alcohol, acid, and 
water, it is a colorless oily fluid, having a sweet smell like that of 
die corresponding^ compound of methyle, which occurs naturally 
m the oil of gaultheria procumbens. It is heavier than water, and 
boOa at 437^. Like the oil of gaultheria, it plays the part of an 
acid, forming with bases crystallized soluble salts. When exposed 
(o a high temperature with caustic baryta, it yields carbonic acid, 
and an oil analogous to that obtained from the methyle compound, 
probably Gig IIio 0^ . When fuming nitric acid is added, drop by 
orop, to the salicylic ether, it dissolves it with a deep red color ; 
water now separates an oil, which soon concretes into a solid mass, 
which, when dissolved in hot alcohol, yields, on cooling, yellow 
tBkv needles. These are indigotate or anilate of oxide of ethyle, 
C4 H« , + G|4 N H4 O9 . By the farther action of nitric acid, 
earbazotic or nitropicric acid is obtained. The indigotic ether dia- 
icdves in potash and soda, apparently like the salicylic ether, 
playing the part of an acid. Indigotic ether does not dissolve in 
ammonia ; left in contact within close vessels, it finally disappears, 
alcohol is reproduced, and there is formed a new product, anila- 

^ Cm Kt He Oi, which, when pure, forma brilliaat yellow 
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orystak. When boiled with potash, aniamide jMds anikto 
(indigotate) of potash, and gives off ammonia ; for C14 Kt H^ Oy 
+ 2 H O r= N H, + Cu H4 N O,, H O. Bromine acts od saUcnN 
lie ether, producmg two compounds; monobromuretted 8alicy& 

eiber, C» H, Br O, = C4 1 g^ O + C,4 H, O4 ; and bibramuret- 

ted saUcylic ether, C,, Hg Br, 0^ = C4 1 g » O + 0^ H, 0,, 

The former crystallizes in fine needles, the latter in huge pearly 
scales, which, when melted, form, on cooling, a most beautiM 
crystallization, formed of large and perfect cubes, like those <# 
bismuth. 

COMPOUNDS OF ETHYLS OF UNCERTAIN C0N8TITUTI0K. 

1. Chlaro'carbonie Ether, C^ H, CI O4 = C4 H, , O + C, | ^^ 

— Formed when absolute alcohol is placed in contact with chlofx>- 
carbonic acid gas. It appears as an oily Hquid, of Sp. G. 1*1S3, 
boiling at 200 . It is formed as follows : 2 eq. of chlorocarbonie 
acid and 1 of alcohol, losing 1 eq. hydrochloric acid, yield 1 6^ 
of the new ether: C, O, CI, -f C4 H« O, = H CI + Ce H, OT 
O4 . It may be viewed as a compound of oxide of ethyle, with 

a peculiar acid, C, \ p? . or as carbonic ether, C^ H^ O, phia 1 €% 

chlorocarbonic acid, C •< p, 

2. Urethane. Srs. Carbamate of Oxide of Sthyle. Oarbami^ 
Ether y Cs H7 N O4 — Is formed by the action of ammonia on tli9 
preceding compound, along with sal ammoniac, from which it if 
separated by bein^ sublimed, or rather distilled, when it paaaei 
over at a ^ntle heat, as a liquid which crystallizes on cooling; 
It is very soluble in water and alcohol, and yields very laive oryv* 
tals. It may be viewed as chlorocarbonic ether, in which amide^ 
N H, , has been substituted for the chlorine : C4 H| , O + 0^ 

j N H ^^ ^ formed as fellows : C^ H« CI O4 + 2 N H,, = (V 

H,,HC1) + C.H7NO4. 

Berzelius, with much probability, considers it as a com- 
pound of oxide of ethylc with an acid, not yet known in 
the separate form containing the elements of carbonic add 
and carbamide, just as oxamic acid does those of oxalic acid and, 
oxamide. On this view its rational formula will be C4 |H O 
+ C 0,, C O N H, = C« N H, O4 . 



V 

CaiWoiio acM. 
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It is remarkable that two other compounds, quite distinct in pro* 
perties have the same empirical formula as urethane or carbaoiie 
ether. Theee are» kM^tamuie, or anhydrous lactate of airnnoiMi^ 
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CJi- H« O4 + N H,; and sarcosbe, C^ N Hf 0^, a new btscg 
dativcxi from kreatine. (See Artificial Alcalokls.) 

METAMORPHOSES OF THE COMFOUHiyS OF ETHYLE. 

When ether or alcohol is passed in Taper through a red-hot 
tnbe, it yields aldehyde, water, olefiant gas, and marsh gas : 3 (C4 
H 0) = G4 H4 O, -f H O -f 3 C, H, + C, H4 ; or 2 (C^ H, 
(A =; C4 H4 Ot + C, H, + C, H4. By the action of chloride 
of line on alcohol, there are formed water, and two Uquid carho* 
hydrogen^ Cg H7 and Cg H9, together C,e Hm, that is, olefiant 
gM» or an isomeric modification of it. Now ether and alcohol hoth 
ooDtain the elements of water and of olefiant gas ; for alcohol ia 
O4 He O, = 2 H + C4 H4 ; and ether is C4 H, = H + 

O4H4. 

' In the manufacture of ether there occur two liquids, one of which 
ii called oil of wine, which is Ci, H,, or very nearly the proportiona 
of olefiant gas, accenting to the only analysis we have. The other 
ii ealled the sweet or heavy oil of wine, and is a compound of sul- 
^nrie acid with ether, and a body having the same composition 
M 100 parts as olefiant gas. Sweet oil of wine is 2 S, O -f Ae O 
4* C4 114 ; and as this body, C4 H4 is called etherole, the com- 
pOttnd is named the double sulphate of oxide of ethyle and of 
allierole. This latter is produced, along with sulphovinic acid, 
from the reaction of 4 eq. dry sulphuric acid and 3 eq. ether: 4 
B 0, + 3 Ae = (2 S Oa, Ae O, H 0) -f (2 S O,, Ae O, C4 H4). 
The same compoimd is formed when sulphovinate of lime is heated, 
but is accompanied by alcohol, sulphurous acid, olefiant gas, and 
a residue of sulphate of lime and charcoal : 2 (Ca O, Ae O, 2 8 
0,) « (2 S O,, Ae 0, C4 H4) + H O + 2 (Ca O, S O,) ; and 

rio, 2 (Ca 0, Ae O, 2 S O,) = 2 (Ca O, S O,) + 2 8 O, + C4 
0,-|-C,H, + C,-h2H0. 

The sweet oil of wine is an oily liquid, quite neutral. It boils 
it 636^, and has the Sp. G. 1133. When heated with water it 
l^nv off etherole as an insoluble oil, while the liquid contains pure 
iulphovinic acid. When the etherole, thus separated, is exposed 
to odd, it deposits crystals of etheriue, a compound isomeric with 
ellierole and with olefiant gas. 

ETHIONICf ISETHIONIC, METmOIfIC, AUD ALTHIOVIC ACIDe. 

These acids are formed by the action of sulphuric acid on ether 
•ad alcohol under various circumstances. When anhydrous acid, 
8 Oj, acts on alcohol, or when olefiant gas is absorbed by that dry 
add, there is formed a compound, 2 S 0| + ^4 H4 , in crystals, 
whieh, when put into cold water, produce ethionic acid, 2 S O3 , 
O4 Hi O. "When this solution is heated, 2 eq. of sulphuric acid 
tmd 1 of alcohol separate from one half, and there is formed from 
flie other half isethionic acid, 2 S O, , C4 Hf 0, or rather S| 0^ 
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04 Hft Of. Ethionate of baryta, formed hj adding baryta to tbe 
acid before boiliDg, is 2 S 0,, C4 H^ O, Ba 0. From it all the 
other ethionates may be pade. The salts of isethionic acid, like 
those of ethionic acid, hare the same composition in 100 parts aa 
the sulphovinates ; but as they contain hyposulphuric sM, their 
formula is S, O^ , C4 H^ Ot + M O. They cr3r8tallise with re- 
markable facility. When, in acting on ether with anhydrous sul- 
phuric acid, the mixture gets too hot, there is formed a new acidt 
methionic acid, the baryta salt of which is St C| H| O7 , Ba 0^ 
or St O5 Ct Hj 0, 7f Ba 0. This acid apparently l}ean the 
same relation to oxide of methyle, C| Hj 0, as isethionic does to 
ether, C4 H| 0. When oil of vitriol in ereat excess is heated 
with alcohol, olefiant gas is given off, and Vie residue is found to 
contain an acid, the salts of which have the very same composition 
as the sulphovinates, but differ in crystalline form. This acid ie 
called althionic acid. It is highly probable that the althionatea are 
mixtures or compounds of sulphovinates with isethionates, just as 
the salts of ethionic acid appear to contain sulphovinates and ise* 
thionates or compounds isomeric with these. The two compounds 
which seem to be distinct and independent are sulphovinic add» 
(Ae 0, H O, 2 S O3), and isethionic acid, isomeric with it, bat 
probably arranged as (H 0, Ae Ot, St O^) ; the salts of the 
former being strictly double sulphates of etbyle and bases (M O, 

5 O, 4- Ae 0, S 0,) ; and those of the latter being M + (Ae 
Ot, St O5). Whatever explanation may be given of the fact» it 
is a fact, that the ethionic and althionic acids and their salts haft 
the same empirical composition as these two acids and their salt^ 
at least accoroing to the best analyses we have. 

PRODUCTS OF THE OXIDATION OF ETHYLE'AND ITS DEBITATnrSS. 

The oxidation of alcohol and of ether may be effected in a greet 
variety of ways, and the products are rather numerous, varying 
according to the amount of oxygen taken up. Thus we have, 
first aldehyde, then acetic acid, formic acid, oxalic acid, and 
finally carbonic acid and water. The first effect of oxidation is to 
destroy the radical ethyle, giving rise to a new and less complex 
radical acetyle = C4 H| . Afterward we obtain compounds ot 
the still less complex radical, formyle, = Ct H, and lastly^ 
compounds of the simple radicals carbon and hydrogen. 

We shall here consider, first, the radical acetyle and its com* 
pounds : bearing in mind that, while derived from the baaio 
radical ethyle, acetyle has no basic characters whatever, but i^ 
on the contrary, a most distinctly acidifiable radical. 

XVII. Acetyle. C*!!,^ Ac. 

Acetyle is unknown in a separate form, but is easily obtained 
in the form of hydnited protoxide, or aldehyde, and hydrated 
peroxide, or acetic acid. 



alakhtdb. lis 

h Htdbatbd Oxidb of Ac£Ttl£, or Aldvhtdb. (C4 Ha) O, H O. 

= AcO,HO. 

Aldehyde is foimed when ether or alcohol is passed through a 
red-hot tube, or when ether or alcohol are oxidized by nitric acid, 
or 1)7 chlorine, (fee. In these cases it is not pure ; but it may be 
obtained quite pure by distilling 2 parts of the compound of alde- 
hyde and ammonia dissolved m 2 parts of water, along with a 
mixture of 3 parts of oil of vitriol and 4 of water, and rectifying 
ai a temperature of about 80°, over chloride of calcium. 

It is a clear, colorless liquid, of a peculiar and powerful etherial 
odor, of Sp. G. 0-79 at 65°, and boiling at 70°. It mixes in all 
proportions with water, alcohol, and ether, and is neutral and 
inflammable. In contact with the atmosphere it rapidly absorbs 
oxygen, passing into hydrated acetic acid: for C4 H3,0-hH0, 
wHh O2, at once produce C4 Ha, O3 + H ; or Ac 0, H + 
Os as Ac O 3, HO. Aldehyde is a constant ingredient of the 
idfirons ether of the pharmacopoeias. 

When heated with caustic potash, it is rapidly converted into 
the brown matter called resin of aldehyde.* If gently heated 
with oxide of silver and water, part of the oxide is reduced with- 
out effervescence, coating the glass tube with a bright surface of 
drer, while the water is found to contain a salt of silver, the acid 
of which contains less oxygen than acetic acid : this is aldehydic 
or lampic acid, C4 Hs O2, H 0, or Ac Oa, H O. The solution 
of aldehydate of silver, if filtered and heated to boiling, agaia 
deposits metallic silver, while the aldehydic acid becomes acetic. 
When long kept, even in sealed tubes, aldehyde is transformed 

* Potash io acting upon aldehyde, besides producing the above resin, gives 
rite to an irritating odor, due to a thick yellow oil, smelling lilie cinnamon. 
This oil rapidly oxidizes, and is converted into a resin different from that men- 
tioned in me text, containing a considerable quantity of oxygen, while there 
!■ formed at the same Ume acetic and formic acids. Aldehyde with half its 
bulk of water, and a trace of nitric or sulphuric acid, on cooling to 32^, 
■^trates into fine crystals of the metaldebyde of Liebig, and a liquid insolu- 
Ue in water. This when purified is a new modification of aldehyde ; its vapor 
Intensity is that of aldehyde, but its properties considerably differ. It is a 
thin acrid liquid, soluble in alcohol and ether, sparingly in water, boils at 
%S9^9 and changes rapidly into a crystalline acid not vet studied. With 
lioti and a trace of sulphuric acid, this modified aldehyde is converted 
Into that of Liebig — thus the same acid forms the substance, and then 
reconverts it, depending upon a high or low temperature. 

Hydrosalphuric acid gas passed through aldehyde and water, deposlli 
a Ckick oil of an insupportuole alliacious odor, the formula of which is 
CmHi) St or elaldehyde, the O of which is sabetituted by S and united to 
H8. Its boiling point is 356^. It is converted to thialdine by absorbing 
•OHnoniacal gas. By the action of acids, or by exposure to the air, there 
li formed acdylic mercaptau, C4 H4 St, which is aldehyde with St Instead 
of.Ot, although this is more probably the sulphurized species of elaldehyde 
and from it thialdine is immediately derived by N Hs replacing St. With 
fta ozcess of hydrosulphuric acid, probably both substances may be formed 
tliboHuno time. 8. 

10 
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into two isomeric modifications, namely, meta1debyde» a htai 
crystalline inodorous solid, and elaldehyde, which is liquid. 

Aldehydite of Ammonia. Syn. Aldehydammonia, C4 Hs O + 
N H3 + H 0. — Aldehyde has no basic characters, and rather 
exhibits a tendency to the acid character, in combining with am- 
monia, as it does directly to form a crystalline compound. To 
prepare it, as the substance from which aldehyde is obtained, 6 
parts of oil of vitriol, 4 of water, 4 of alcohol, and 6 ofperoxide 
of manganese, in fine powder, are distilled together. Tne crude 
product is twice rectified over chloride of calcium : it is now alde- 
hyde, containing a little water, alcohol, and acetic and fohnic 
ethers ; and this liquid, when mixed with ether, and saturated 
^th ammoniacal gas, yields crystals of the new compound which 
are washed with ether. These crystals become brown on beins 
kept, even in close vessels, and acouire the smell of burnt feathers. 
They dissolve in water and alcohol, but hardly in ether. Nitrate 
of silver forms, in the concentrated solution, a precipitate, insoluble 
in alcohol, which, when heated, is reduced. 

Tkialdine. — Liebig and Wohler have very recently discovered 
that when an aqueous solution of aldehydammonia is acted on br 
sulphuretted hydrogen, a little ammonia being previously added, 
crystals of a new compound are deposited, which has basic proper* 
ties, and has been called thialdine. It is produced by the action 
of 3 eq. of aldehydammonia on 6 eq. of sulphuretted hydrogen. 
Thus, 

3 eq. aldehydammonia CisH'iNaOe 

and 6 eq. sulphuretted hydrogen .... Ho Se 



CitHrNa 06 Se 



yield 1 eq. thialdine CisHisN S4 

6 eq. water He Oe 

2 eq. sulphide of ammonium . . He Ns Ss 



CitHnNa Se Oe 



Thialdine is almost insoluble in water, but very soluble in alco- 
hol and ether. It is deposited, by spontaneous evaporation, from 
its ethereal solution, in large and beautiful crystals, resembling 
camphor. It is very volatile and fusible, has an unpleasant aromatio 
smell and is a powerful base, neutralizing the stron^st acids, and 
forming beautiful cr}'stalHne salts. When heated with hydrate of 
lime, tnialdine yields leucoline or quinoline, one of the volatile 
bases of coal tar. 

When aldehydammonia is acted on by seleniuretted hydrogen^ 
an analogous basic compound, selenaldine, is formed ; and it ap- 
pears probable, from the experiments of Liebig and Wohler, that 
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telltiretted hydrogen is capable also of yielding a similar com- 
pound. 

a. AcETAL. Cj H» 03 =C4 H3,0 + C4 Hs,0 + n 0= AcO 

+ AeO + HO. 

Is formed by the action of the oxyiren of the air on the vaporu 
of alcohol, under the influence of the black powder of platinum. 
It is a colorless, very mobile fluid, Sp. G. 0C25, boiling at 203®. 
It might, according to its composition, be a compound of .3 eq, 
oxide of ethyle, and I eq. acetic acid ; for 3 (C4 Hs, 0) + C4 H3 
Os = Ci6 H18 Oe = (Cm Hq O3 ). But the action of potash which 
forms resin of aldehyde, and of oil of vitriol which blackens and 
thickens it as it does aldehyde, indicate pretty certainly the pres- 
ence of aldehyde ; and we, therefore, prefer the formula above 
given, which makes acetal a compound of aldehyde and oxide of 
ethyle. 

The resin of aldehyde, formed by the action of potash on 
aldehyde, is little known. Elaldehyde, an isomeric form of alde- 
hyde, which is liquid at ordinary temperatures, but solid at 32®, 
bas a formula exactly triple that of aldehyde, CiiHwOe. Met- 
aldehyde, the other isomeric modification, which, like the preced- 
ing, spontaneously forms an aldehyde, when kept, has, no doubt, 
a similar relation in its formula to that of aldehyde ; but its pre- 
cise formula is not yet known. The density of its vapor would 
settle the point. It forms very hard prisms, which sublime at 
248® without melting. It is worthy of notice that aldehyde, 
like the corresponding chlorine compound, formed by substitution, 
chloral, C4 CI3 + H 0, undergoes very easily, and even spon- 
taneously, these very singular metamorphoses. This indicates a 
relation in the constitution of these bodies which cannot be over- 
looked. 

3. AcETTLous Acid. (C4 H8)02,H Ox= AcOa,H O. 

Stn. Aldehydk Acid. Lampic Acid. — It has already been 
stated that this acid is obtained in combination with oxide of silver, 
when aldehyde is gently heated with excess of that oxide in water. 
The .solution, when the silver has been separated by sulphuretted 
hydrogen, contains the acetylous acid, very diluted. It is very 
easily decomposed, especially by heat, into acetic acid, and a brown 
resin like that of aldehyde. When the acetylite or aldehydate of 
silver is decomposed by barytii, so as to precipitate all the oxide 
of silver, and the acetylite of baryta is now heated with the pre- 
cipitated oxide of silver, the metal is reduced, and acetate of 
baryta is now found in the solution. This demonstrates the rela- 
tion of acetvlous to acetic acid : for Ba 0, Ac Oa + Ag = Ba 
O, Ac O3 + Ag. This acid is one chief ingredient of the acid 
produced by the slow combustion of ether m the lamp, with a 
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spiral of platinum wire on the wick, the platimun oontiimiii^ 
red-bot, but no flame appearing, and which acid is called lampio 
acid. 

4. Acetic Acid. C4 H3, Os + H O = Ac Os, H O. 

Syn. Acetylic Acid, Pyrdigneous Add, Vinegar, — This im- 

Sortant acid is formed in two principal ways : first, by the ozt- 
ation of alcohol ; and secondly, by the destructiye distillaUon 
of wood. Wine, beer, and other fermented liquors, if eiposed to 
the air, under certain circumstances, undergo what is erroneously 
termed the acetous fermentation ; that is, they attract oxygen froia 
the fur; undergo eremacausis of the alcohol they contain, and after 
a time, contain no alcohol, but in its place, acetic acid ; they arQ» 
m fact, conyerted into yinegar. The ultimate change is yery sim- 
ple : C4 H« Oa + O4 = C4 H3 O3, 3 H 0, = Ac O3, H + 2 aq. 
6ut we haye already seen that there are intermediate steps in the 
process. The first effect of the oxygen is to remoye from the 
alcohol, or rather from the ethyle in it, 2 eq. hydrogen, thus leav- 
ing the radical acetyle, C4 H3, in the place of the ethyle, (C4 Hs) 
0,H0 +Oa=(C* H3)0,H0 + 2aq. In this stage alcohol is 
simply converted into aldehyde, while 2 eq. water are formed. In 
the next stage, the hydrated protoxide of acetyle (the aldehyde)* 
or rather the radical C4 H3, takes up 2 additional equiyalents <h 
water, and thereby becomes acetic or acetylic acid: (C4 Ha) O9 
H0+02=(C4H3)0s,H0. 

Such being the action of the oxygen of the air on alcohol, it is 
obvious that the process of acetification is no fermentation but a 
case of eremacausis or slow combustion. But, as was formerly 
explained, the state of eremacausis is induced by contact of a body 
in that state, or even in the state of fermentation or putrefaction, 
and the presence of a ferment is required to commence the process, 
of eremacausis of alcohol. Pure alcohol, exposed to air alone, is 
not acetified ; but if its vapor, mixed with air, comes in contact with 
platinum powder, eremacausis is induced. Hence, if alcohol be 
placed in a flat basin under a bell jar, beside a small flat dish, 
containing platinum black, the bell jar, is, in a few seconds, filled 
with the pungent smell of aldehyde, and in an hour or two, the 
acetification is nearly complete. Here the platinum, by virtue of 
its singular power of causing gases or vapors to unite on its surfacCt 
acts as a ferment, or, as it may be called, an excitant, inducing Uie 
slow combustion, and acting as a carrier of oxygen from the air to 
the alcohol. 

In wine or beer, there is present an actual ferment in the shape 
of gluten or fibrin, at least m all cases where the vinous fermenta- 
tion has not decomposed the whole of the ferment. In these cases, 
exposure to the air for a short time causes the decomposition of 
the gluten, <fec., to recommence, and this state of decomposition. 
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Muistin^ in part, no doubt, of eremacatisis, being mechanically 
oommunicated in tbe shape of motion to th^ particles of alcohol, 
alow combustion commences and continues till every trace of alco- 
bol has been acetified, when the process is arrested for want of fuel, 
that is, of alcohol. Where, in the fermentation of wine, (as sher- 
ry), or of beer« (as Bavarian beer), all ferment has been destroyed 
or removed, these liquors do not become sour when exposed to air, 
and if we wish to acetify them, we must add yeast or some other 
ferment So, also, when we wish to make strong vinegar by the 
aeetitication of brandy or of whiskey, we have to add a ferment, 
such as yeast, and expose the mixture to a certain temperature, ih 
toen vats. By carefully attending to all these principles, the process 
01 acetification may be very much abridged. The following b the 
rapid process now followed on the Continent. There is made a 
mixture of 1 part of alcohol at 80 p. c, 4 to 6 parts of water and 
x^z o^ ^ ferment, such as vinegar, honey, or must of beer. A 
wge, high barrel is packed with twigs or shavings of beech, pre- 
Tiously soaked in strong vinegar, and holes are drilled in the middle 
Bad upper part of the barrel to admit a free circulation of air. 
The mixture is now warmed to from 75° to 80°, and made to trickle 
dowly upon the shavings and through the barrel, thus exposing 
aa immense surface to the air. The temperature rises rapidly 
to 96° or 105°, and if a proper supply of air be given, continues 
•t that point during the operation. When the mixture has been 
three or four times passed through the barrel, it is found perfectly 
teetified : this may take place in from 24 to 36 hours. Should 
tile supply of fresh air, that is, of oxygen, be deficient, much alde- 
hyde is produced, which, from its volatility, is carried off as vapor 
fend lost. This was long a source of great loss to the makers, 
and the cause could not be traced, until Liebig, by the discovery 
of aldehyde,. explained it, and showed how to avoid the loss, by 
giving a due supply of air. The manufacturer now obtains, as 
nearly as can be expected, the theoretical quantity of vinegar from 
his spirits. Any aromatic substance, or essential oil, or even a 
trace of wood vinegar (contaminated with creosote, <fec.) will arrest 
the progress of acetification. 

The peculiar pleasant smell of good vinegar, in addition to that 
of pure diluted acetic acid, is owing to the presence of acetic ether. 
Distilled vinegar is a tolerably pure, but weak acetic acid ; but to 
obtain acetic acid pure and strong, we must have recourse to the 
talts of acetic acid, which, when distilled with moderately strong 
•alphuric acid, yield pure acetic acid, mixed with more or less 
water. 

The pyrolifipeous acid is contaminated with pyroxylic spirit 
laid with oil of tar. When combined with soda, lime, or oxide of 
laad, these salts may be easily purified by crystallization, and by 
heating them so &r as to expel or destroy the oily impurities. 
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The pure salts, distilled with sulphuric acid, yield acetic acid, 
identical with that from true vinegar. 

Hydraied Acetic Acid, Radical Vinegar, or CrystaUisaile Acetic 
Acid, Ac O3, HO, — Is obtained by distilling 3 parts of dry 
powdered acetate of soda with 9*7 of oil of vitriol, as pure and 
concentrated as possible : ^ of the acid distils over by the heat 
spontaneously developed in the mixture ; a &;entle heat expels the 
rest The product is rectified and exposed to a cold or 23^ or 
24°, when crystals of the hydrate are formed in a weaker liquid. 
The crystals are allowed to drain, and then melted, and agaia 
exposed to cold. The crystals of this second operation are gen- 
erally free from all superflous water. At temperatures below 
60° hydrated acetic acid is solid ; at 62° or 63° it melts, forming a 
liquid which sometimes continues liquid at a munh lower tempera- 
ture, and then crystallizes from some very trifling cause. The Sp. G. 
of the liquid is 1-063 ; it boils at 248° ; has a pungent, peculiar, 
but agreeable smell, and a burning acid taste. It raises a blister on 
the skin, and soon produces a painful sore, like a mineral acid. It 
is miscible in all proportions with water, alcohol, and ether. It dis- 
solves camphor and essential oils ; and the aromatic vinegar is a 
solution in it of camphor, with a little oil of lemons and bergamot^ 
&c. Strong acetic acid, in this form, is used as a diffusible stimulant^ 
applied to the nostril in faintness or sickness. It may be used, alsoi 
externally as a very powerful rubefacient and epispastic. Tha 
hydrated acid is combustible. It is decomposed by anhydrous 
sulphuric acid, yielding a new acid, sulphacetic acid : also by 
chlorine, yielding, by substitution, chloracetic acid. The vapor 
of acetic acid, passed through a red hot tube, yields carbonic acid 
and acetone, C3 Ha : the same transformation occurs when 
acetic acid is heated with bases. 

The salts of acetic acid are, almost without exception, soluble 
in water : the acetates of silver and protoxide of mercury are 
sparingly soluble. The formula for the neutral acetates is M 0» 
Ca Us O3, or M, C4 Ha O4. .There are hardly any acid salts; 
but a considerable number of basic salts, as basic acetates of lead 
and copper. 

Acetate of Oxide of Ethyle, or Acetic Etiier, Ae 0, Ac Oa, — Is 
eiisiiy prepared by distilling 10 parts of acetate of soda, 16 of oil 
of vitriol, and 6 of alcohol. The product is rectified over lime and 
chloride of calcium. Ii may also be obtained by distilling any 
sulphovinate with strong acetic acid. In eitlier case, acetic acid 
is brought in contacl with nascent ether, and combines with ik 
Acetic ether is a colorless liquid, of a refreshing odor, very com* 
bustible. It boils at 165° ; its Sp. G. is 0*89. It is easily 
decomposed by alcalies, yielding an acetate and alcohol. Acids 
also decompose it. It is always present, in small quantity, ui 
wine vinegar, which owes its flavor to this compound. 
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Acetate of Ammonia, — ^There is a well-known febrifuge and 
diaphoretic remedy called the spirit of mindererus, which is a 
dilated solution oi acetate of ammonia, formed by neutralizing 
distilled wine vinegar with carbonate of ammonia. A more uni- 
form preparation, although stronger than that usually employed 
here, is made by neutralizing 6 parts of aqua ammonise, Sp. G. 
0*96, with strong acetic acid, ana adding enough water to make 
m twenty-four parts. This, being uniform, can easily be reduced 
ifdesirable. There is an acid acetate of ammonia, which forms 
deliquescent needles. Acetate of potash, K 0, Ac Os, is obtained 
as a iSbrous crystalline mass, very deliquescent, which has a 
warm saline taste. It is much used as a diuretic. When heated 
with arsenious acid, it yields oxide of cacodyle ; a substance 
of most remarkable composition and characters, C4 He As, O. 
Acetate of soda, Na 0, Ac O3 +6 aq., is formed from pyroligne- 
ous add, and is the form in which the acid is brought in order to 
be purified from oil of tar. The salt is melted at a moderate heat, 
and roasted, then redissolved, filtered through charcoal, evapo- 
rated, again melted, and so on, until it becomes snow-white. 10 
parts of the crystals of salt, after the first fusion, while still slightly 
colored, being distilled with 6 of oil of vitriol, yield what is called 
wood vinegar, sufficiently pure for use, but requiring 7 waters to 
reduce it to the average strength of wine vineo^ar. Acetates of 
baryta, strontia, and lime, all crystallize readily. The first is 
used as a test ; the last in the manufacture of acetic acid and all 
other acetates from pyroligneous acid. Acetate of alumina, Als 
Os, 3 Ac Oa, prepared by mixing solutions of alum and acetate 
of lead (or of baryta) is very soluble. It is much used in the 
above form, containing sulphate of potash, as a most valuable 
mordant in dyeing and calico printing. When heated it deposits 
an insoluble basic salt, which adheres tenaciously to the cloth, 
and afterward combines firmly with the coloring matter. The pure 
acetate of alumina, formed from sulphate of alumina and acetate of 
baryta, is not so decomposed by heat, but requires the presence of 
a neutral salt. Acetate of manganese, Mn O, AcOs, formed by 
aetinff on sulphate of manganese by acetate of lime, is much used 
in calico printing, as it gives, with bleaching liquor, a rich bronze 
brown. Acetate of zinc, Zn O, Ac O3 , +3 aq., is used in medicine 
and pharmacy. Acetate of protoxide of iron, Fe 0, Ac O3, is used 
as a mordant. Acetate of peroxide of iron, Fea O3, SAcOs, is 
formed by precipitating acetate of lead with persulphate of iron. It 
has the same valuable properties as acetate of alumina, depositing a 
basic salt, when heated with neutral salts, and is much prized as a 
mordant. Acetate of lead : a. neutral, Syn. Sugar of lead ; is best 
prepared by dissolving litharge in acetic acid, and crystallizing. It 
nas a sweet astringent taste, and is much used as an astrin- 
gent and styptic in diarrhoea, dysentery, and various hemorrhagca. 
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It is pdsonoos, especially where it forms carbonate : it ought 
therefore never to be mven without abundance of vinegar being 
taken by the patient. The crystals are Pb 0, Ac Os -f" ^ ^' ^ 
Sesquibasic, 3 Pb 4~ 2 Ac O3, soluble pearly scales, c, Tribasic 
or subacetate of lead is formed in crystals by mixing 1 vol. of 
aqua ammonise with 5 of a cold saturated solution of the neutral 
sidt, and setting it aside. It forms long needles. The solutioo, 
or Goulard's extract, is made by digesting 7 parts of litharge with 
6 of sugar of lead and 30 of water, till the oxide, which is not dis- 
solved, has become white. It is much used as a lotion, and to 
precipitate gum, organic acids, albumen, caseine, extractive mat- 
ter, ^c, from organic mixtures, and solutions. Its formula ia 3 
Pb O -f- Ac O3. d, Sexbasic, formed by adding the last or aaj 
of the previous acetates of lead to an excess of ammonia. It forms 
a crystalline powder, verv sparingly soluble, which is 6 Pb O + 
Ac 3 . It usually exists m white lead, along with carbonate of lead. 

Acetate of Copper t a. neutral — Appears in two forms : aa dark 
green oblique rhombic prisms, becoming opaque in air, GuO, Ac 
O3 +QJC[-'f and as dark blue transparent crvstals of great beauty, 
Ou O, Ac O3 -{- 5 aq. These latter, heated to 86^, lose 4 eq. of 
water, and fall to a powder of the green salt, b, Bibasic or verdi 
ffris, 2 Cu + Ac O3 + 6 aq. =s Cu 0, Ac O3, Sacj. + CuO, H 0. 
Verdigris is prepared by a tedious process, and is seldom pore, 
containing usually different basic acetates, c. Sesquibasic, 3 On 
O, 2 Ac O3 + 6 aq. d. Tribasic, 6 Cu 0, 2 Ac O3, 4. 3 aq. The 
two last occur in the verdigris of commerce. All these salts are 
poisonous. 

Schvfeinfurl or Vienna Oreen — Is a double salt, formed of 
acetate and arsenite of copper, Cu 0, Ac O3 -f 3 T Asa O3, Cu O); 
is formed when 10 parts of verdigris, suspended m water, are left 
to digest for 24 hours, after mixing them with a hot solution of 8 
parts of arsenious acid in 100 of water. A dirty green precipitate 
first appears, which, on standing, changes to a most beautiful green, 
much used as a paint. 

Acetate of Profoadde of Mercury — Is obtained in sparingly 
soluble silvery scales, by adding acetate of potash to protonitrate 
of mercury, botH hot. It blackens when exposed to light It is 
used in medicine, especially on the Contment. 

Acetate of Silver, AgO, AcOs — Very much resembles the 
preceding salt. It is occasionally used as a test. It is veiy 
sparingly soluble. 

▲CITOH OF CHLORINE, BROmNX, XTO., OH XTHTLB, AOnTLX, AVD 

TBKIR DERrVATTYXS. 

. 1. Oxn>B OF Ethyls and Chlortnb. 

When dry chlorine is made to act on ether, with the aid of the 
son's raysy there are produced several oompoands. The first is a 
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hmry ofly liquid, ozychloride of acetyle C4 Ha j 2, . which is 

dhy acetic acid, with 2 eq. of oxygen replaced by 2 eq. of chlorine, 
wth water, it forms acetic and hydrochloric acids. When the 
ftctkm is pursued, there is obtained a compound C4 Cls O, whidh 
is ether, m which all the hydrogen is replaced by chlorine. The 
first compound may be connected with this one by being viewed as 

«ther in which hydrogen is partially replaced by chlorine, C4 <7w 

0. Finally there is obtained a crystallizable solid compound, C4 
tSls, which may be represented as C4 Cls, CI, showing that the 
'ooqrgen of ether is also here replaced by chlorine. This last body 
is diloride of carbon, Ca CI3 for C4 CU = 2 C2 Cls. Besides 
these compoimds, tliere are others formed at the same time, more 
difficult to separate, and which are doubtless the intermediate links 
of the chain of substitutions, beginning with ether C4 Hs , O, and 
ending with chloride of carbon, C4 Cls, CI. The other members 
of tlie series which are more easily obtained by the action of chlo- 
rine on chloride of ethyle (see below, p. ), are, C4 H5 , CI, chlo- 
ride of ethyle: C4 ] ^ j* CI : C4 |^j'^ CI : C4 | ^j* CI : C4 

(H 

< p. CI ; and as the compound, C4 Cls is formed, it is proba- 
ble that there is another series beginning with ether, and ending 
with C4 Cls,0, in which the oxygen remains unchanged. The 
above are not all cases of substitution with preservation of the 

!TT 
Qj' O, may very likely be C4 Ha 

< PI belonging to the type of acetic acid, rather than that of 

etoer. These compounds are a^ yet but little known : it is obvious 
that the simultaneous occurrence of so many similar compounds 
aiist render the study of them exceedingly complicated and difficult. 

The body C4 Hs •] pi or oxy chloride of acetyle, when acted 

on by sulphuretted hydrogen, yields two new compounds, in which 
its chlorine is partially or entirely replaced by sulphur. Both are 

erystalline ; one, the oxysulphide of acetyle, C4 Hs \ o forms 

hacge colorless prisms : the other, oxychlorosulphide of acetyle, 

O4 Hs •] 8 forms yellow tabular crystals. 

2. Salts of Oxide of Ethtlb wtth CnLORnrE. 

When chlorine acts on these salts, or ethers, their oxide of 
idtyle is acted on as if separate, but in many cases the acids 
femain combined with the new ckbriiised conpovnda ; er (ke 
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acids also are acted on, and the products derived from them ooni* 
bined with those derived from the ether. 

Acetic ether yields a compound Cs Ho Cli O*, which may be 

viewed as C4 Ha < ^y -}- d Us O2, that is* acetate of the ozy- 

chloride of acetyle. When the compound is further exposed to 
the action of chlorine at a high temperature, it yields a series of 
compounds, in which its hydrogen is gradusJly replaced by 
chlorine, till the compound Cs CU O4 b left, whidi is called per- 
chloruretted acetic ether. Acetic ether is Cs Hs O4 ; and we 

C' |?uO«; C. \l\0,; C. |H'.0.; C. jg' 0,; 0. 

\ r^^ O4 ; and Cs Cls O4. The two last can be obtained, wUh 

certainty, pure : the others, after Cs -j ni' Oa, are so mixed that 

it is very difficult to obtain them pure enough for analysis. 

When benzoic ether, Ae 0, Bz 0, is acted on by chlorine, it 
loses 2 eq. hydrogen, and 1 eq. oxygen, and takes up 3 eq. 
chlorine, producing a compound which may be viewed as con- 
taining chloride of benzoyle and oxychloride of acetyle, Bs 01 

+ C4H3 j^j^ = CisHsCl3 0,. 

Oxalic etner, exposed to the action of chlorine, under the influ* 
ence of the direct rays of the sun, loses all its hydrogen, wfaieli 
b replaced by chlorme. (C4 H5)0, Ca Os thus becomes ^04 
CI5) 0, C2 Oa. The latter is called chloroxalic ether. It is a 
crystallizable solid, fusible at 288°. Dry ammonia acts on Has 
on oxalic ether, producing chloroxamethane, a crystalline com* 
pound analogous to oxamethane. It was formerly stated that 
oxamethane, Cs H? NOs, has the composition of oxamate of oxide 
of ethyle (C4 Hs ) O + C4 H2 N Os ; or of oxalic ether plus oxa- 
mide ( C4 Hs ) O, Ca O3 + N H2 , Ca O3 . In like manner, chlor* 
oxamethane represents chloroxalic ether plus oxamide : (Ci Cla) 
0, Ca Oa + NHa, Ca Oa = Cs Ha Cls N Os. When chloroxa^ 
methane is left in contact with ammonia, it takes up 2 eq. of 
water, and forms a new salt, chloroxalovinate of ammonia, C4 
Cls 0, NH4 0, 2 Ca O3, which is very deliquescent. From the 
corresponding salt of soda the chloroxalovinic acid may be obtained, 
which may of course be viewed as an acid oxalate of the com* 
pound C4 Cls 0. Its formula is, C4 Cls O, Ca O3 + H 0, Ca 0». 

By the action of alcohol on chloroxalic ether, there is 
formed a neutral oil, Cs Cls O7, which contains the elements 
of anhydrous chloroxalovinic acid, C4 Cls 0, 2 Ca O9 ; and whssi 
dissolved in potash, yields ebloroxalovinate of potash. 
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Carbonic ether, by the action of chlorine, yields two products : 

( H 
lat, bichlomretted carbonic ether, C4 < ^? 0, C Oj = Cs H3 CI2 

Os ; and 2d, perchloruretted carbonic ether, O4 Oh 0, C Oa 
+ Cfi Clfi Os. The former is an oily liquid ; the latter 
erystallizable. 

Ohloride of ethyle, (O4 Ha) 01, when acted on by chlorine, 
yields a very remarkable series of products, in which tlie hydro- 
gen is gradually replaced by chlorine, as mentioned at p. 263, to 
which I refer for the formulse. I shall only mention that the 

compound there represented as O4 •< ^j* 01, = O4 H4 OI2, corres- 
ponds to aldehyde, and is, therefore, probably (O4 Hs) Ol-f H 
Vi, just as aldehyde is ( O4 H3 ) 4" H 0. In like manner, the com- 
pound O4 ■} Qj' 01 ==04 Ha 01 3, corresponds to dry acetic acid, 

C4 H3 O3 . The action of potash on these two compounds confirms 
tills view, according to which the former is hydrochlorate of pro- 
tocbloride, and the latter perchloride of acetyle. 

When alcohol, the hydrated oxide of ethyle, is subjected to the 
long-continued action of chlorine, aided by the sun's rays, there is 
fNined, after a very tedious operation, a remarkable compound 
called chloral, the empirical formula of which is O4 H OI3 Oa == 
O4 CI3 -f- H 0. This compound represents aldehyde or hy- 
drated oxide of acetyle, in which the hydrogen of the acetyle has 
been replaced by chlorine. It is an oily liquid, boiling at 199^, 
cf &p, Q. 1-502. Like aldehyde, chloral, when kc^pt, is spontane- 
misly converted into an insoluble solid compound, which has the 
same composition as chloral itself. In contact with water, chloral 
b soon converted into a solid hydrate, which dissolves in a larger 
quantitv of water. It contains 1 eq. chloral and 2 eq. water. 
When heated with caustic alcalies, chloral produces formiate of the 
•Icali and perchloride of formyle, O4 HOI3 O4 -|-HO,KO=s 
(G, H) O3, K O + (Oa H) OI3. The perchloride of formyle, in 
eontact with the alcali, is partly decomposed, yielding chloride of 
the metaL 

According to Stadeler, chloral is formed when starch is heated 
with hydrochloric acid and peroxide of manganese. 

Pure acetic acid when acted on by chlorine and the sun's rays, 
is converted into a erystallizable acid, the chloracetic acid, O4 01s 
Oa H O. As acetic acid may be considered to be aldehyde plus 2 
eq. oxygen, or hydrated peroxide of acetyle, so chloracetic acid is 
ehloral plus2eq. oxytren, or hydrated peroxide of O4 OI3, which may 
.be called chloracetyle. Obloracetic acid forms tabular crystals, 
ibsible at 113°, boiling at 390''. The density of the liquefied acid 
•t 113° is 1*617. When heated with excess of potash, it yields 
int carbonie acid and perchloride of formyle, O4 Ola Oa, H -f- 
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tKO « 2 (EO, C Oa ) + Oa H Ols. The perohloride of form jk 
is partly converted by another portion ofpotash, into formiate of 
potash and chloride of potassium : Ca n Cls + 4KO = 3K(3 
+ KO,CaHO>. 

With bases, chloracetic acid forms salts which are very analo* 
gous to the acetates ; and it is very 'important here to observe, tliitt 
both in chloral and chloracetic acid» the substitntion of chlorine 
for all the hydrogen of the radical (acetvle) of aldehyde and ace- 
tic acid, has not aflfected the general chemical characters of tihe 
compounds ; that, in other words, the original t3Fpe has been re- 
tained. We have also seen, in the preceding pages, among the 
products of the action of chlorine on oxide of ethyle and on the 
salts of oxide of ethyle, that oxide of ethyle, C4 Hs O, is con- 
verted into oxide of chlorethyle, O4 CI5 O, without the t}^ being 
altered : the oxide of chlorethyle forming with the acids previously 
combined with oxide of ethyle, compounds perfectly analogous tt> 
the ethers from which they are obtained. 

The sulphide of ethyle is readily acted on by chlorine, and 
yields a yellow oily liquid, of Sp. G. 1-673, boiling at 320®, of n 

most fetid odor, the formula of which i^ ^^ ini 3* Here 4 eq. 

of hydrogen of the compound, C4 Hs S, are replaced by chlorine. 

Heavy muriatic ether is an oily liquid, formed by the action of 
moist chlorine on alcohol. It is obviously a mixture, and probil- 
bly contains aldehyde, chloride of ethyle, chloral, and pzodueti 
intermediate between aldehyde and chloral. 

Bramal, C* Bra O, H O. — This compound, analogous to chloral, 
is formed by the action of bromine on alcohol. It forms a hydrate 
with 3 eq. water. By caustic alcalies it is resolved into formie 
acid, which combines with the alcali, and perbromide of formyle* 

Iodine does not, so far as is known, produce a compound oorree- 
ponding to chloral and bromal ; but a solution of iodme in alcohol* 
treated with an alcoholic solution of potash, yields formiate of pot- 
ash and peroxide of formyle, Ca HI3. 

By the action of chlorine on alcohol, holding in solution hydro- 
cyanic acid on a metallic cyanide, there is produced a crystalline 
compound, the empirical formula of which appears to be CmHu 
Na CI3 O 8 . This is equal to 3 eq. aldehyde, 2 eq. chloride of 
cyanogen, and 2 eq. water ; but the true nature of this compound 
is unknown. 

3. COMFOUHDS DEBIVED FROM AlCOHOL, BUT OF URCEBTAIH 

COHSTITUTIOV. 

Olefiani Qas. Stn. Byduret ^ AdfyU, C4 Hi &= Ci Ht, 0| 
=: Ac H. — This well-known compound is generally present fal 
coal gas, oil gas, and, in general, in all gaseous mixtures produced 
by the action of heat on organic substances. It is best obtained 
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nM«.b7 heating 1 part of alcohol with 6 or 7 of oil of vitriol. 
There is produced some ether, then sweet oil of wine, and lastly, 
a* mixture of sulphurous acid and olefiant gases. By passing the 

gts through milk of lime, the sulphurous acid is removed, and by 
en passinff it through oil of vitriol, the ether, alcohol, and water 
ubich may he present, are likewise separated. Pure olefiant gas 
has been already described (see p. 140, Part I^ : here we shall 
attend to its combinations. It is absorbed by anhydrous sulphuric 
apid, forming the crystalline compound formerly mentioned, 2 S 
Ot -f* Oi H4, which, in contact with water, produces ethionic acid. 
When mixed with its own volume of chlorine, both gases are con- 
densed into a liquid, the composition of which is C4 H4 Cla. This 
W the oily compound, from which the gas was called olefiant gas : 
the oil is often called the oil of the Dutch chemists, having been 
discovered by an association of chemists in Holland. 

When mixed with 2 vol. of chlorine, and set fire to, the whole 
of the carbon of the gas is deposited in the solid form or as smoke, 
wfiUe all the hydrogen forms hydrochloric acid, C4 H4 4~ CI4 
-=4HC1+C4. 

The oil of olefiant gas, or of the Dutch chemists, C4 H4, CI9, 
may be viewed as composed of hydrochloric acid, and a chloride 
c^ acetyle : H CI 4- C/4 H3 CI. When acted on by an alcoholic 
•ohilion of potash, chloride of potassium and water are formed, 
VfA a new compound separates, which is the protocbloride of 
•eetyle, C4 Hs 01. It is gaseous at ordinary temperatures, has an 
alliaceous smell, and burns, like all similar chlorinized compounds, 
iqth a dark-red flame, edged with green. At 0° it condenses into 
a l^uid. 

when this protocbloride of acetyle is acted on by perchloride of 
antimony, it yields, among other products, a liquid, boiling at 240^ 
which is, C4 Hs CI 3, and therefore has the same composition as 
perchloride of acetyle, formerly mentioned. But the action of 
potash dissolved in alcohol, proves that these two compounds are 
oiatinct, and that the one now under consideration is, C4 Ha Cls 
4* H 01. At all events, it yields chloride of potassium, water, and 
A very volatile liquid, C4 H« Ola = 2 (Ca H, 01), or, in other words, 
protocbloride of formyle. 

By continuing the action of chlorine, there is obtained a 
compound, O4 Ha OI4 = O4 H Ola + H 01 ; which, with potash, 
yielas the body, O4 H Ola; and the final result of this action is 
the protocbloride of carbon, O4 OU =a 4 01; which, however, 
imites with chlorine to produce the sesquichloride, O4 OU -}- Ola 

at 04 01* = 2 0a Ola. 

The perchloride of acetyle has been already mentioned as a pro- 
doctof the action of chlorine on ether : it is O4 Ha Ola = Ac Ola. 

The oil of olefiant gas, O4 H4 Ola, which may be considered 
diO hydrochlorate of cmoride of acetyle^ O4 Hs, 01 -f H 01, is heal 
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prepared by passing defiant gas into perchloride of antimony, si 
Jong as it is absorbed. The mixture, if distilled, yields the oil fai 
question. It is purified by alternate distillation with water and 
sulphuric acid, and finally drying it with chloride of calcium It 
is a very mobile liquid, of a pleasant ethereal smell, and a very 
sweet taste ; it boils at 1 80°, is insoluble in water, soluble in 
alcohol and ether. 

When subjected to the action of chlorine, it yields hydrochloric 
acid, and products rich in chlorine. Among these are the hydro- 
chlorate of chloride of formyle, Ca H CI -{- H CI, which distils at 
240°, and the bichloride of formyle, Cs H, CU, which distils at' 
275°. This last is finally converted into sesquichloride of carbon, 
for C, H, Cls = Ca Cla + H CI. 

Chloretheral is the name given by D'Arcet to a compound 
formed by the action of chlorine on defiant gas, containing both 
alcohol and ether. Its empirical formula is, C4 H4 CI O ; so that 
it may be aldehyde, plus oil of olefiant gas ; C4 H3 O, H O -|. C4 
H3 CI, H CI = 2 (C4 H4 CI O); or oxychloride of acetyle, plus 

oxide of ethyle: C4 H3 |^,^ + C4 Hs = 2 (C4 H4 CI O).' 

The true nature of this compound is unknown. 

Bromine forms with olefiant gas, a liquid compound analogous 
to the oil of olefiant gas. Its formula is C4 Hs , Br -V H Br. I(Kiin6 
forms, with olefiant gas, a solid compound, which would appear to 
be C4 Ha, H + I2 , rather than C4 H3, 1 + H I. 

Anhydrous sulphuric acid absorbs olefiant gas, producing A 
white crystalline solid, 2 S O3 + C4 H4; which, when dissolved in 
water, forms, with 1 eq. of water, ethionic acid, 2 SO3 4~ C/4 Ht 
O = C4 Hs Oa + Sa O5. The original crystalline compound has 
been called sulphacetylic acid. 

4. AcTiOH OF Bichloride of PLATmuM ov Alcohol. 

This action is very complex, yielding aldehyde, chloride of 
ethyle, chloride of acetyle, and other volatile compounds, along 
with a salt, composed of chloride of platinum and chloride of 
acetyle. It is possible that 3 eq. of oxide of ethyle, with 4 eq of 
bichloride of platinum, may yield 1 eq. aldehyde, 1 eq. water, 4 
eq. hydrochloric acid, and 2 eq. of the new salt : 3 ( C4 Hs O) 
+ 4 Pt CI2 = C H3 O, H + H O + 4 H CI + 2 (C4 H3 CI + Pti 
CI). Zeise considers the salt to be C4 H4 4- 2 Pt CI, which form- 
ula diflfers from the preceding in containing I eq hydrojren more. 
Malaguti supposes it to be C4 Hs O + 2 Pt CI ; but Zeise has 
shown that it contains no oxygen. It does not crystallize, bat 
forms a gummy mass, spontaneously decomposing when kept. 

When a solution of bichloride of platinum in alcohol is digested 
with a little hydrochloric acid, and chloride of potassium, the 
alcohol distilled off, and the residue neutralized by carbonate of 
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potasby a yellow crystallizable salt is obtained, wbicb contains th^ 
preceding compound, plus 1 eq. chloride of potassium, C4 Hs CI 
-f- Ptfl 014* K CI. Similar double salts are formed with chloride 
of sodium and chloride of ammonium. 

These double salts form with ammonia a yellow precipitate, 
irtrich is Ci H3 CI, Pt CI + N H3. 

5. Acnov OF Heat on Acetic Acid and the Acetates. 

Acetone, Syn. Pyroacetic Spirit. Afesitic Alcohol, — Formula, 
O9 Hs O. Is formed when acetic acid is passed through a tube, 
beated to low redness, along with carbonic acid, carbonic oxide, 
and carburetted hydrogen ; also, when the acetate of an alcaii or 
akaline earth is exposed to heat, when a carbonate is left, and 
acetone distils over. It is best prepared by distilling a mixture of 
ft parts of crystallized acetate of lead, and 1 part quick-lime. Its 
formation is easily ej^lained ; for anhydrous acetic acid, C4 H3 
Os, contains the elements of 1 eq. carbonic acid and leq. acetone. 
O4 Ha O3 = C O2 + C3 H3 O. Acetone is also formed in the 
distillation of sugar, of citric acid, of tartaric acid, <&c. It is 
purified by rectification, until its boilino; point becomes constant, at 
100^. It is a clear and colorless liquid, of Sp. G. 0*7921, and has 
a peculiar smell and a pungent taste. It is miscible with water, 
aleohol and ether, in all proportions ; and is separated from water 
by the addition' of caustic potash, chloride of calcium, or other 
Huts insoluble in acetone. 

Heated with hypochlorite of lime, it is converted into carbonic 
aeid and perchlonde of formyle. When prepared by the distil-> 
la^on of acetates, acetone is accompanied by an oily liquid, 
CUHt O. 

Acetone contains, in 3 eq., the elements of 1 eq. carbonic ether 
and 1 eq. olefiant gas, (hyduret of acetyle) : C4 Hi O, C Oa -}- 
C4 H3, H = Cf Hj O3 = 3 (C3 H3 0); or, in 4 eq., we have the 
elements of 1 eq. acetic ether, and 1 eq. hyduret of acetyle : C4 Hi 
0,C4H3 03 + C4H3,H= CitHH04 = 4(C3H3 0). Kane 
eoosiders acetone to be C« H« Os = Ce Hs O, H ; that is, the 
hydrated oxide of a radical C« Hs, which he calls mesityle. In 
tms Tiew, acetone is analogous to alcohol, and C« Hi 0, the oxide 
of mesityle, to ether. But although Kane has obtained this com- 
pound, Ce Hs 0, and also another, Ce Hs CI, his chloride of mesi- 
tjle, and although he has likewise formed double salts containing 
milphuric acid and the elements Co Hs O, yet the analogy is far 
from being established. It has not yet been found possible to 
reproduce acetone, the alcohol, from the supposed etner of the 
series, as we can reproduce alcohol from the salts of oxide of 
elhyle. Moreover, in these double salts, the body Cs Hs 0, does 
fiOi act as a base, but is only coupled with the acid, as naphtha- 
line in Bulphonaphthalic acid. We shall not, therefore, enter 
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in^ minute details of the theoretical riews alluded to. It ia auf-*. 
ficient to enumerate the supposed radical mesityle, C« H« ; its, 
oxido, Ce H» Of oxide of mesityle ; its hvdrated oxide, Oe Hs 0, 
H (acetone); the chloride and iodide of mesityle, Ce Ht CI and. 
Ce H5 I ; the acid sulphate of oxide of mesityle, Ce Hi 0, H 0,28 
Oa (sulphomesitylic acid); the double salts of this sulphate, the. 
formula of which is, Ce H5 0,H O, 2M 0, 2 S O3 ; and a com- 
pound discovered by ^Seise, containing oxide of mesityle with 
chloride of platinum, Ce He O, Pt CI. 

The action of nitric acid on acetone myes rise to a new product* . 
nitrite of oxide of pteleyle, Ce Hs O, N Os ; phosphoric acid appears 
to form a compound acid with acetone ; and when phosphoma, 
iodine and acetone are dbtilled together another acid is obtained* 
which appears to contain hypophosphorous acid. 

When chlorine acts on acetone, it produces a liquid, Ce H4 Ck ■ 
Oa, which is called mesitic chloral. 

Mesitylene, Ce H4. This compound is obtained when acetont ■ 
is distilled with fuming sulphuric acid. It is an oily liquid boiling « 
about 300''. Acetone 2 (Ca Hs 0) = Ce H4 + 2 H O ; and thS 
explains its production. 

when mesitylene is acted on by nitric acid, it yields a liquid*. 
Ce H4 Os, called by Kane, mesitic aldehyde. But when chlorine 
is passed through mesitylene, a crystalline solid is obtained, con* 
taming a new radical pteleyle, combined with chlorine, Ce H4 «)- 
Cla + Ce Hs CI + H CI. The compound Ce Hs CI is the chlo- 
ride of the supposed new radical pteleyle, CeHs. Kane has 
described a compound in yellow scales, which he considers to be 
iodide of pteleyle. It is very desirable that the whole of the com* 
pounds derived from acetone should be again carefully examined* . 
since their true constitution cannot be considered as established. 

COMPOUNDS CONTAINING ARSBNIO, DKRFVSD FROM A0KT7LX. 

When acetate of potash is heated along with arsenious acid, a . 
very remarkable liquid is obtained, which is the oxide of a new 
radical. This liquid, which is spontaneously inflammable, and has 
a most offensive alliaceous smell, has been long known in an 
impure state, under the names of liquor of Cadet, and alcarsine. 
Bunsen, by a long series of the most profound and persevering 
researches, established its true character, as the oxide of the radi- 
cal cacodyle. He has even succeeded in obtainining the radical 
itself in the separate state, and in establishing the most perfect 
analogy between that radical and a metal, in all its chemical 
relations. 

XVIII. Cacodyle. C4HeAs = Kd. 

The radical is best obtained from the chloride of cacodyle, Kd 
CI, by the action of zinc at 212°. Chloride of zinc is formed, and 
cacodyle is set free. It is rectified in an apparatus filled 
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bonic aofd gas, to prevent decompoeition. It is a clear liquid, 
nfraotiDg light strongly. When cooled, it crystallizes m large 
sqnare prisms, and acquires, when pure, the appearance of ice. 
Us smell is insupportably offensive, and its vapor is highly poison- 
CMS. The two fatter characters belong to all the coippounds of 
Mcodyle, with hardly an exception. Cacodyle is spontaneouslj 
inflammable in the air ; a rod moistened with it instantly takes fire 
when exposed to the air. It forms two distinct oxides ; the pro«^ 
iozide, KdO (alkarsine), and cacodylic acid, Kd O3. 

Protoxide of Cacodyle. C4 H« As, O = Kd O. 

Stn. Alkarsine. — This is the chief ingredient of the lianor of 
Cadet ; it is purified by repeated rectifications in an atmosphere of 
carbonic acid, and is, when pure, a limpid etherial liquid, refracting 
ll^t powerfully ; it boils at about SOO"", and at— 9"" it cirjstallkes 
is white scales of a satiny lustre. Its smell is most offensive, and 
Hs taste very nauseous. If placed on the skin, it eanses violent 
Mehing, and if taken internally it is a most energetic poason. It is 
•paringly soluble in water, more soluble in alcohol and ether. 
Oke cacodyle, it takes fire when exposed to the air. When left 
wider water, it s^radually disappears, being for the nest part con-^ 
fwted into cacodylic acid. The production of oxide of cacodyle 
18 very simple ; 2 eq. dry acetic acid and 1 eq. arsenious acid yield 
4eq« earbcmic acid and 1 eq. oxide of cacodyle: 2(C4 Ha Os) 
+ As O3 « 4 C Oa + C4 He As O. 

Cacodylic Acid. Kd Os = C4 He A8> Os. 

Stk. Alcarpene, -^Formed by the gradual oxidation of the profc* 
oxide, under water. It forms oblique four-sided prisms, t>rittle> 
and of a glassy lustre. They have no smell, and are soluble in 
water and alcohol. Its salts do not crystallise. Many reducing 
agents convert it into the protoxide by removing 2 eq. of oxygen. 
It is not in the least poisonous. 

There appears to be an intermediate oxide, Ed Oa ; but it has 
not been obtained in a state of purity. 

Chloride of cacodyle. Kd CI = C* He As, Ci« = Kd CI, is ob- 
tained by heating a compound of oxide of cacodyle and corrosive 
sublimate along with hydrochloric acid : Kd O, Hg Cla 4- H CI = 
Kd CI 4- H O + Hg Cla . It is a volatile, horribly fetid liauid, the 
tmpor of which attacks strongly the lining membrane of the nose, 
and provokes a fiow of tears. When exposed to the air, it deposits 
flijatals of an oxychloride of cacodyle, Kd 0-f- 3 Kd CI. The iodide, 
hromide, and fluoride of cacodyle, are in all points analogous to 
Ike chloride; and form, when exposed to the air, oxyiodide, 
•wybromide, <&c. 

Sulphur forms with cacodyle three compounds : the protosul- 
pUde, Kd S, is obtained by distilling chloride of cacoayle with 

11 
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hjdrosulphide of sulphur of barium : Kd CI -{- Ba S» H S = Kd 8 
+ Ba CI + H 8. It IS a clear, volatile, very fetid liquid, heavier 
than water. It dissolves sulphur, forming the bisulphide KdS*, 
which is a very permanent compound. The persulphide, Ed Sa, it 
a sulphur acid, and forms sulphur salts which are very permaneiit» 
with the sulphides of highly basic metals. The sulphur salt of 
cacodyle and lead, Pb S, Kd Sa, crystallizes beautifully. 

Cyanide of cacodyle, Kd Cy = 64 H« As, Ca N, is formed by 
distilling bicyanide of mercury with water and oxide of cacodyle. 
When pure it forms large brilliant crystals, very fusible and vola- 
tile. The vapor of this compound is so poisonous as to be in the 
highest degree dangerous to the experimenter. 

COMPOUNDS OF CAG0D7LB CONTAININO PLATINUM. 

Chloride of cacoplatyle, C4 H7 AsPtOa, CI. This compoond 
is formed when an alcoholic solution of bichloride of platinum ia 
added to a similar solution of chloride of cacodyle, when a redd'ish- 
brown precipitate is formed, which, being boiled with water, gtret 
a solution from which, on cooling, needles of the new compound 
are deposited. Bromide of cacoplatyle and iodide of cacoplaUrle 
may be formed from the chloride, and are analogous to it The 
former appears in large yellow crystals, the latter in golden 
micaceous scales. 

When the chloride is acted on by sulphate of silver, there is 
obtained, along with chloride of silver, the sulphate of the oxide oC 
cacoplatyle, C4 Ht As Ft O 3 , S O3 . It forms white crystalline grains. 

The radical of these singular compounds, cacoplatyle, may be 
represented as composed of protoxide of platinum, water, and 
cacodyle : Ft O, H O, C4 H« Asa . We have therefore the follow- 
ing series, which, like those derived from the bases containing 
platinum, formerly described, throws much light on the nature of 
the vegetable bases : 

Radical, cacoplaytle, Ft O + Kd = C14 H o As Ft O. 

Chloride of do., anhydrous, Ft O, Kd + CI 
Chloride, hydrated, Ft O, Kd + CI + H O 

Chloride, ammoniated, FtO, Kd + Cl + NHa 
Oxide, hydrated, Ft O, Kd + O -f H O 

Sulphate, hydrated, (Ft O, Kd + O, H O) + S O 3 . 

It is to be particularly borne in mind that this radical, whose 
basic character is quite obvious, contains two metals, arsenic and 
platinum, quite foreign in general to organic compounds. 

The existence of cacodyle itself, and the perfect analogy which 
may be traced between it and the simple metals, in their relations 
to all other substances, render the results of the researches of Bun* 
sen, which have been so very briefly described in this work, of 
the very highest importance to the theory of organic compounds, 
and especially to that of compound radicids. 
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AFPnVDTZ TO BTHTLS AND ACBT7LS. SUGAR. 

Sugar, as the substance from which alcohol and all the com- 
poonds of ethyle are exclusively obtained, comes properly to be 
considered here as an appendix to these compounds. There are 
several kinds of sugar, capable of undergoing fermentation and of 
producing alcohol. These are, cane sugar ; grape sugar ; (sugar 
of starch ; of honey ; diabetic sugar); sugar of milk ; and uncrys- 
talHzable sugar. The sugar of mushrooms has been found to be 
mannite, which is not fermentescible. 

I. Cane Sugar, ^Cn Hj 0» 4-2HO — Occurs in great abund- 
ance in the sugar-cane, the beet-root, the maple, besides many 
other vegetables. It is extracted from the juice of these plants by 
crystallization, the evaporation being conducted at as low a tem- 
perature as possible, it crystallizes with great facility, either in 
small grains by rapid cooling of a strong syrup, as in loaf sugar ; 
or in large distinct crystals by a slow process, as in sugar candy. 
The above formula represents the composition of pure crystallized 
snrar. 

Sugar forms large transparent hard crystals, which melt at 302**, 
or, according to Peligot, at 356°, forming a viscid liquid, which on 
cooling forms a transparent amorphous mass, barley sugar. This, 
when kept, gradually becomes crystalline, opaque, and friable. 
About 420° sugar is converted into a brown tasteless mass, cara- 
mel, losing 3 eq. of water. 

Sugar dissolves in ^ of its weight of cold, and in any quantity 
of boiling water ; a solution saturated at 230° become* a solid crys- 
talline mass on cooling (tablet) : a solution saturated in the cold is 
▼iscid, and is called syrup. Syrup, when long boiled, loses the 
property of crystallizing. The crystallization of sugar from syrup 
ti also prevented by the addition of ^^ of oxalic, citric, or malic 
acids. When boiled with diluted sulphuric acid, cane sugar is con- 
Terted into grape sugar. With strong sulphuric acid it produces a 
dark brown liquid, containing a new acid, sulphosaccharic acid. 
Hitric acid converts it into saccharic acid, oxalic acid, and carbonic 
acid. 

When boiled with very diluted sulphuric acid, sugar absorbs 
oxygen from the air, and produces formic acid, and a brown mat- 
ter identical with ulmine, formed by the decay of wood. Sugar 
prevents the precipitation of many metallic solutions by alcalies ; 
and when mixed with oxide of copper and potash, the oxide of 
copper is dissolved, forming a purple solution, which, on boiling, 
deposits red suboxide of copper. It reduces partially the oxides 
of many metals, when boiled with their solutions. 

Sugar forms crystallizable compounds with the alcalies, oxide 
ci lead, and chloride of sodium. When in contact with the lining 
nembrane of the stomach of a calf, or with the caseine of milki 
•agar is transformed into lactic and butyric acids. 
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Sa^» if taken along vitli nitrogeniaed food« inagr be called 
mitriUoas : it would appear, however, to act chiefly in contributing 
to the 8a]^rt of respiration, and thus keeping up the animal hea^ 
An animal, confined to sugar as food, soon dies from want of nitio* 
genixed or albuminous matter, with the symptoms of starvation. 

When a solution of sugar is examined by polarised liffht, it givet 
rise to a series of rings of- the prismatic colors, when tne plane of 
polarisation ia made to rotate from left to right, 

SUGAR WITH BASIS AND SALTS. 

With lime, sugar forms a sparingly soluble compound, CitH» 
0» -}- ivio With baryta, it forms a crystallisable compound^ 

Cis Hi Os •jxTQ With oxide of lead it yields an insoluble eom<- 
pound, Ois Hs Of, 2 Pb O ; and with common salt it yields a crys- 
talline compound, 2 CiaH* O9 + J^^qj 

2. €htq>e Sugar, Syh. Oluco$e. Diabetic Sugar, Stardk 
Sugar, Cm Hm O14. — This sugar occurs in the juice of many fruits, 
and is besides a product of the metamorphosis of starch, cane 
su^ar, woody fibre, sugar of milk, i&c, when boiled with diluted 
acids. It may also be obtained from starch by the action of 
infusion of malt, or of diastase. It occurs in the urine of tboa^ 
affected wit^ diabetes melUtus. The crystals which form in honey 
are likewise grape sugar. 

It is best extracted from dried grapes, or honey, and is alsQ 
prepared on the large scale from starch. 1 part of starch is 
Doiled with 4 of water, and from j\j to y'^ of sulphuric acid, during 
36 or 40 hours ; or an infusion of malt is added to jelly of starch, 
which soon becomes liquid, and, in a few hours, is converted into 
sugar. When acid is used, it is neutralized by chalk, the solution 
of sugar filtered, and evaporated to a syrup, or, if required, to a 
dry mass. In this process, starch, Cia Hu Oio, takes up 4 eq. 
water, and produces grape sugar, C12 Hu Ou ; so that 100 parts 01 
pure starch yield, or ought to yield, 122 of grape sugar. The 
same explanation, only varying the quantity of water, applies to 
the conversion into grape sugar of cane sugar, CitHnOii; 
woody fibre, OibHsOs; and sugar of milk, CuHkOh, these 
compounds requiring 3, 6, and 2 eq. of water respectively to form 
grape sugar. 

The action of infusion of malt is not explained : all that we 
know is, that this infusion, or a solution of diastase, a substance 
contained in it, do actually cause starch to take the form of grape 
sugar. It is probable that the diastase is in a state of decomposi- 
tion, and may act as a ferment. The action of the acid would 
seem to be equally obscure ; but there is some reason to think 



IImI there is first tormed, as in the case of ether, a eovpled acid, 
ir acid salt, which, like snlphovinic acid, is decomposed by bcnlin^. 
According to De Saussure, sulphuric acid and starch actual^ 
toTttk a erjstallizable compound. 

Grape sugar crystallizes from alcohol in square tables or cubes : 
» concentrated syrup of it yields only a mass formed of crystalline 
grains. It is much less soluble, requiring 1^ parts of cold water, 
and less sweet to the taste, than cane sugar : in fact, 1 part of 
eane sugar sweetens as much as 2^ of grape sugar. It is much 
more soluble in cold alcohol than cane sugar. At 212® grape 
■ogar loses 2 eq. of water ; when heated beyond 284° it becomes 
caramel. Hot water dissolves any quantity of grape sugar, but the 
syrup is not nearly so viscid as that of cane sugar. Solution of 

£«pe sugar exhibits the prismatic rays with polarized lii^ht when 
e plane of polarization is rotated from rignt to left, the colors 
bebg less brilliant. Now, as cane sugar, when fermented, first 
becomes grape sugar, the colored rings at first shown by it when 
ttie plane of^ polarization is rotated from left to ri^ht disappear 
during fermentation, but reappear when rotation is made from 
right to left 

Orape sugar is easily distinguished from cane sugar by the 
action of acids and bases. Strong sulphuric acid dissolves with* 
#ut charring it, forming sulphosacchanc acid ; and the aicalles or 
alcaline earths, which do not decompose cane sugar unless very 
eCmcentrated, rapidly convert grape sugar into a brown matter. 
Feroxide of lead converts it, at 212°, into basic formiate of lead, 
carbonate of lead, and water. 

With baryta and lime, and oxide of lead, grape su^r forms 
ccMnpounds which it is difficult to obtain pure. That with baryta 
^^lears to contain 3 eq. baryta for 2 eq. of sugar, and as the 
Mijta replaces water in such compounds, it is probably Cm Hn 

0«»dBaO:=CMlL»Oia ] 3^^Q The compound with lime 

Mpears to be Cu Hit Oa, 2 Ca O ; and that with lead Ctt Hn On, 
3FbO. If we suppose the dry grape suffar to be CuHiiOn, 
and to combine with 3 eq. water and 3 eq. base, then we should 
liave. 

Crystallized grape sugar Ct2HiiOn4- 3HO 

Compound with baryta jci'»Hno'n+ 3BaO 

« Ume C11H11O1+ |^h\? 

« « oxide of lead . . . CisHiiOii+ 3PbO 

But the compound which grape sugar forms with common salt, 
aad which crystallizes very readily, does not agree exactly with 
tfrfs view. The crystals are 2 (C12 Hn Ow) + Na CI + 2 H ; 
iMd at SI 2* they lose the two equivalents of water. 
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The solpliosaccliaric acid, above mentioned a» being formed 
when grape su^rar is acted on by oil of vitriol, has not been fiiU;^ 
examined. It torms a soluble salt with baryta. 

With organic acids grape sugar forms compounds, the suffar ia 
which cannot be broutrht to crystallize. Hence organic acids in 
vegetable juices act injuriously by first converting cane sugar into 
grape sugar, and then forming with it uncrystallizable compounds 

When sugar is boiled with nydrochloric acid, it yields differeaft 
brown products, according to the strength of the acid. With 
equal parts of acid and water, it yields a body, 0^4 Hn O0 : with • 
weaker acid, two brown compounds ; a soluble one, C40 Hu Oo^ 
and an insoluble one, C40 Hit O14. When boiled with diluted sul- 
phuric acid, two substances are formed, which are nearly black ; 
one, sacchulmine, insoluble, and the other sacchulmic acid, solabk 
in ammonia. The latter is Cas Hio Ois. 

When boiled with alcalies, cane sugar is first converted iato 
grape sugar, and then into formic acid, and two new acids, tho 
glucic acid and the melassic acid. Glucic acid is very soluble, and 
Us formula is either Cu His O15, 6 H O, or C12 Hs Os, 3 H 0. It 
is chiefly formed before the application of heat, which converts tt 
into melassic acid. This latter acid is formed from sugar by the 
joint action of heat and alcalies. It has a very dark color, and 
when separated by hydrochloric acid, appears as a black flocculeal 
deposit. Its formula is C24 His 10 (?) 

Caramel, the black matter formed by heating sugar to abovi 
400°, has the formula of anhydrous cane sugar, CisHs 0». R 
dissolves readily in water, forming a solution like sepia, which is 
tasteless when pure. The caramel of commerce contains a good 
deal of undecomposed sugar. 

When sugar is distilled with 3 parts of lime, it yields a liquid 
which is a mixture of acetone and metacetone. Metacetone is a 
colorless liquid, of an agreeable odor, boiling at 183°, and insolu- 
ble in water. Its formula is Cs H5 O ; and it may be considered 
as 2 eq. acetone, Co H« Os, minus 1 eq. water. 

1 eq. of anhydrous sugar C12H9 O0 

'f — _— . 

Contains 1 eq. acetone Ca Hs O 

1 eq metacetone C« Hi O 

3 eq. carbonic acid C* 0« 

1 eq. water HO 

Together CitHgOt 

The formation of these products is therefore easily accounted fijr. 
When sugar is heated with hydrate of potash, several products 
are formed, but among them is an acid, Ce H« O4 = C« Hs Ot, 
HO, which is metacetonic acid, evidently derived from metacetono 
by oxidation at the expense of the hydrate. It is very similar (0 
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•eede acid, and like it, belongs to the series of volatile acids of the 
general formula, (C H) n -}- O4. 

ACTION OF NItRIC ACID ON SUPAR. 

Saccharic Acid, CnHw On, 6 HO ? or Ce H4 OT,HO — Isone 
of the products of the action of diluted nitric acid on cane or grape 
sugar. When stronger acid is used, oxalic and carbonic acids are 
the chief products. When sugar has been heated with 2 parts of 
nitric acid and 10 of water, the acid liquid gives, with basic ace- 
tete of lead, an insoluble saccharate of lead, which is decomposed 
by sulphuretted hydrogen, and the acid solution so far neu.tralized 
with potash that on evaporation it yields crystals of the acid sac- 
eharate of potash. Tnis salt is purified, again converted into 
saccharate 01 lead, and again the lead salt is decomposed by sul- 
phuretted hydrogen. The acid this time is pure. It crystallizes 
with difficulty. 

This acid has been supposed to be quintibasic, and to form five 
aeries of salts, but the latest researches of Heintz lead to the con- 
closion that it is either C0H4O7,HO, or Ci^HsOm, 2H0. 
Owing to the very discordant results of different experimenters, 
we shall not here enter into details which are uncertain. Saccharic 
Mid forms a crystallizable acid salt with potash, and definite salts 
with many other bases. It is isomeric with mucic acid : for Oit 
Ht Oi4, 2 H is the probable formula of mucic acid. 

The saccharate of silver, when gently heated under water, is 
decomposed, the silver being reduced ; and as this occurs without 
effervescence, the reduced metal adheres to the glass, and forms a 
bright mirror surface. The other saccharates are only interesting 
in respect to their composition. On the whole, saccharic acid is a 
compound of high theoretical interest, and the formation of two 
iaomeric acids, saccharic and mucic, by the action of nitric acid on 
cane and grape sugar on the one hand, and on sugar of milk on 
the other, is a fact which may hereafter lead to a knowledge of the 
true constitution of the different kinds of sugar. 

Notwithstanding the fact that cane sugar is easily converted into 
grape sufi^ar, and that the formulae differ only by 3 eq. water, it is 
evident that those two kinds of sugar differ more than if they were 
merely different hydrates of the same compound. Strong mineral 
acids instantly decompose cane sugar, but have little action on 
grape sugar ; while alcalies, which combine with cane sugar to form 
crystalline compounds, rapidly convert grape sugar into dark com- 
pounds, glucic and melassic acids. And although both sugars 
l^[ree in undergoing the same (vinous) fermentation, yet it is most 
probable that cane sugar, before fermenting, becomes grape sugar. 

When vegetable juices containing cane sugar are evaporated, 
the presence of organic acids causes its conversion into grape 
sugar ; and when Imie is added, to clarify the juice, the action of 
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the lime cm gmye sugar when evaporated, produees glooie and 
melassic acids ; in other words, renders much sugar dark and 
uncrystallizable, converting it into molasses. A great part of the 
loss owing to this cause has of late years been avoided by care- 
fully neutralizing with sulphuric acid as soon as the lime has 
effected the clanfication. 

3. Susiar (f Aftlk, or Lactine, Cii His Oi9 + 5 H O <=: Cm Hm 
Oh — Is obtained by evaporating clarified #hey till it crystal lize«« 
When pure it forms hard white crystals, soluble in 5 or 6 parts of 
cold, and 2^ of hot water. The taste of the crystals is feeble, but 
a concentrated solution tastes very sweet. It is insoluble in etb^ 
and alcohol. It stands between cane sugar and grape sugar in 
oomposition; for while cane sugar is CiiHitOn, and grape sugar 
Ci« Hi4 Om, lactine is Cm Hm Om = 2 (Cia Hi> Oit). By boiling with 
diluted acids, it is converted into grape sugar. By the action oC 
nitric acid, it yields mucic or saccholactic acid. It combines with 
ammopia and with oxide of lead. Its presence prevents the pre- 
cipitation of many metallic solutions. Sugar of milk is susceptible 
of the vinous fermentation, and it is well known that some naUons 
prepare an intoxicating liquor from milk by fermentation. ThefTi 
IS reason to think that previous to fermentation, it is, like cant 
sugar, converted into grape sugar ; and at all events milk does not 
ferment until an acid has been formed in it, which acid converts 
lactine into grape sugar. 

Sugar of milk forms two compounds with oxide of lead : firsts 
neutral, C94 His Oi», 5Pb O ; second, basic. Cm His On, 10 Pb O. 

Muric acid. Cm Hs Ou-f- 2 H O, is formed when diluted nitrio 
acid acts on sugar of milk, gum, or mannite. It is a white crys* 
talline powder, of a feebly acid taste, soluble in 6 parts of boiling 
water, which deposits nearly the whole on cooling. Its solution, 
when long heated and evaporated, yields the modified mucic acidi 
Mucic acid dissolves in oil of vitriol with a crimson color. When 
heated it blackens, and yields among other products, pyromueio 
acid. 

Mucic acid is bibasic, and forms two series of salts, one inth 
2 eq. fixed base, the other with 1 eq. fixed base, and 1 eq. water* 
These salts have little interest. The mucate of oxide of ethyle et 
mucic ether, crystallizes in 4 sided prisms, soluble in hot waten 
When boiled with a base, it yields alcohol, and mucate of the base. 
Its formula is Cu Hs Ot4 + 2 Ae O. 

Modified mucic acid is more soluble in water, soluble in alcohol, 
from which solution it is deposited in square tables. Its aqueooe 
solution, saturated at the boiling point, deposits on cooling ordinary 
mucic acid. Its salts are more soluble than the mucates, bMt 
the acid in them easily passes into the ordinary acid. It is prob- 
able that the modified acid contains 1 eq. of water more than the 
odier. 
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PTTomaoic tscid, C10H3 Os + H O, is formed by the dry distilla- 
tion of mucic acid. 1 eq. of mucio acid, CibHioOm, contains the 
elements of 1 eq. pyromucic acid, CtoH4 Oo, 6 eq. water, H« Os, 
and 2 eq. carbonic acid, C2 O4. Pyromucic acid forms brilliant 
white scales, fusible at 266°, and volatilizes completely at a tem- 
perature somewhat higher. It is soluble in water and alcohol. 
Its salts are not important. Pyromucate of oxide of ethyle, Ow 
Ha O5, Ae O, is a solid crystallizable compound, fusible at 93^, 
volatile at 410°. Chlorine acts on this ether, forming a new 
eompound, CuHsChOe, the constitution of which is quite 
wicertain. 

4. Sugar cf Mushrooms, — Wiggers obtained from ergot of rye 
A saccharine compound, crystallizing in transparent rhombic prisms, 
soluble in water and alcohol, and susceptible of the vinous fermen- 
tation. An analysis of this sugar gave the formula Cia His Ois, 
that is, grape sugar, minus 1 eq. water. This may be a distinct 
kind of sugar ; but the mushroom sugar of Braconnot is mannite' 
or manna sugar. 

We have seen that starch and woody fibre may be converted 
into grape sugar by boiling with dilute sulphuric acid ; in like 
manner, salicine and phloridzine, boiled with the same acid, yield 
taliretine and phloretine, in each case along with grape sugar. 
Bat the action of the infusion of matt is still more singular ; we 
bave seen that starch by contact with infusion of malt is rapidly 
converted into grape sugar. This action is ascribed to the presence 
of diastase, a nitrogenized body which exists in malt, and which, 
while it causes the conversion of starch into sugar, itself disap- 
pears. The action is not fully understood, but there is no doubt 
tiiat when seeds germinate, the starch they contain is in this man- 
ner rendered soluble, and conveyed, as sugar, to all parts of the 
plant, there to be converted into woody fibre by a process the 
inverse of that by which woody fibre is converted into sugar. 
This latter is seen in the ripening of fleshy fruits, where a quan- 
tity of cellular matter (lignine) disappears, and the proportion of 
■agar very much increases. 

VINOUS OB ALCOHOLIC FERMENTATION. 

This name is given to that change by which sugar is resolved 
into alcohol and carbonic acid, by contact with a ferment. The 
•agar must be dissolved in water, and the solution must be exposed 
to a temperature of from 40^ to 86°. If a ferment, such as yeast, 
be added, the sugar soon disappears, carbonic acid is given off in 
large quantity, and the liquid is found to contain alcohol, which 
may be separated by distillation. Now, grape sugar, Ci2HuOi4, 
oontains the elements of 2 eq. alcohol, 4 eq. carbonic acid, and 
t eq. water, 2 (C4 Hi Os ) -f- 4 C Oj + 2 H ; and, by very 
isacl experiments it has been proved that 100 parts of grape 
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sugar yield only 47*12 of alcohol, 44*84 of carbonhs acid, together 
91*96 parts, the loss, 9*04 parts, being the 2eq. of water separated. 
On the other hand, cane sugar, Ca Hn On, requires the addition 
of 1 eq. of water to yield 2 eq. alcohol, and 4 eq. carbonic acid, 
= 2 (C4 Ho O2 ) 4- "^ ^ O3 » ^^^ ^^^^ ^^^^ experiment has demon- 
strated that 100 parts of cane sugar yield 63*727 parts of alcohol 
and 61-298 of carbonic acid, together 106*026; the increase, or 
6026 parts bein^ due to the 1 eq. of water taken up to form drj 
ffrape sugar, C12H12O12, into which cane sugar is converted before 
It undergoes fermentation. These facts prove that the ferment 
takes no direct part in the reaction, but only acts by inducing a 
state of change. 

A considerable number of substances, if in a state of decompo- 
sition, act as ferments on a solution of sugar ; among these are» 
besides yeast, vegetable gluten, albumen, caseine or fibrine, and 
the corresponding animal substances ; also animal matter generallj* 
if in a state of putrefaction. 

The only explanation we can give is that the particles of these 
bodies, being m a state of decomposition, are in motion, and by 
communicating, mechanically, an impulse or motion to the particles 
of the sugar, destroy the balance of affinities to which the exist- 
ence of sugar is owing ; and thus give rise to a new balance or 
equilibrium, more stable under the given circumstances. The 
elementary particles of the sugar being disturbed in their previons 
arrangement, group themselves according to their individual affini- 
ties ; and while the carbon forms, on one side, a compound contain- 
ing all the hydrogen (alcohol), it yields on the other, a compound 
containing the greater part of the oxygen (carbonic acid). 

When a natural juice, as that of the grape, ferments, some of 
the various substances it contains undergo a decomposition, proba- 
bly of an analogous kind, giving rise to other new products, which 
are important in regard to the flavor of the liquid (wine, beer, or 
spirits^, produced in the fermentation. Thus all wine contains 
oenantnic ether ,* potato spirit contains the oil of potato spirit (Fuie^ 
loelf German) ; grain spirit contains a similar oil. It is not 
improbable, that besides the vinous fermentation which takes place 
in the greater part of the sugar, a peculiar reaction occurs, between 
a portion of the sugar and the jferment (or some other nitrogenised 
compound present), the result of which is the production of these 
peculiar oily liquids. The bouquet, or so much prized flavor of the 
finer wines, is doubtless owing to some ethereal compound pro- 
duced in a similar way, but the origin, properties, and composition 
of which are as yet altogether unknown. It may be mentioned 
here, however, that oenanthic ether, which is the cause of that 
peculiar smell which belongs to all wine, and is so marked that we 
can at once tell, after many weeks or months, that an empty botue 
has formerly contained wine, is a compound of oxide of ethyle 
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with a fatty acid ; and the oil of potato spirit is a compoond analo- 
gQiis to alcohol, the hydrated oxide of a radical amyle, Cio Hn. 

LACTIC FSRIUNTATION. 

When a solution of sugar is placed in contact with pressed curd, 
or unsalted skimmed -milk cheese, which has previously been 
exposed to the atmosphere for some time, and the mixture is kept 
at a temperature from about 75° to 90°, a peculiar change takes 
place, which has been called a fermentation, but which differs from 
the vinous fermentation in this, that the escape of gas does not 
appear to be essential to it. The liquid soon becomes acid, from 
tne conversion of sugar into lactic acid ; but when the amount of 
free acid reaches a certain point, the fermentation is thereby 
checked. If now the free acid be neutralized by the addition of 
carbonate of soda, or carbonate of lime (chalk), lactate of soda or 
of lime is formed, carbonic acid is disengaged, and the fermenta- 
tion recommences. By repeating the addition of soda or chalk as 
often as free acid appears, the whole of the sugar may be at last 
converted into lactic acid, and obtained in the form of lactate of 
soda or of lime. 

The best method is to dissolve 1 part of cane sugar or sugar of 
milk in about 5 of water, to add at the commencement ^ part of 
prepared chalk, and a proper quantity of curd or cheese, and to 
place the whole in a temperature of 77° to 90°. Effervescence 
occurs, owing to the decomposition of the chalk, and in process of 
time the lactate of lime is deposited in small round masses of mi- 
nute crystals, in such quantity as to solidify the whole mixture. 
This result sometimes takes place in ten days ; at other times, 
according to the precise temperature or the state of the curd, not 
tUl after several weeks or even months. But when it is complete, 
which is known by the cessation of the disengagement of gas and. 
the solidification of the mass, the sugar appears to be entirely 
converted into lactic acid, without the formation of any other 
product. This is the true lactic fermentation ; but, as we shall 
see, it is apt to be mixed and complicated with other forms of 
decomposition. 

The conversion of sugar, OiaHn On, or of lactine, CuHiiOit, 
into lactic acid, C0 Hs Hs H 0, or, On Hio Oio 2 H 0, is very sim- 
ple ; for lactine already contains the elements in the necessary 
proportion, and cane sugar requires only the addition of 1 eq. of 
water. It is therefore probable, d priori, that no other product 
should be formed along with the lactic acid ; and in several of my 
own experiments, I have obtained so large a quantity of lactate of 
lime as to lead to that conclusion, while I could detect no other pro- 
duct, except some coloring matter and a little undecomposed sugar. 

It is this fermentation which occurs in milk when exposed to 
the air. The caseine enters into the state in which it becomes 
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e^pable of exciting the laetic fermeatatioii in the woffto' of milk 
(lactine) ; bat as soon as the liquid beoomes very acid, the fef» 
mentation is checked, unless an dcali be added. Hence soar milk 
contains both lactic acid and undecomposed lactine ; but by the 
occasional addition of alcali the whole lactine may be converted 
into lactic acid, or rather, lactate of soda. 

VISCOUS nERMBMTATION. 

When certain saccharine juices, such as those of beet-root, car- 
rots, onions, drc, are exposed to a temperature of from 86^ U> 
104^, a peculiar fermentation takes place. The sugar disappears, 
but instead of alcohol and carbonic acid, there are obtainea maa- 
nite, lactic acid, and a mucilaginous substance, having the com- 
position of gum ; this latter renders the liquid ropy and viscid : 
hence the name given to the process. 

The composition of mannite is C§Hi 0% 

That of lactic acid is Ce H« Oi 

Togetlier CnHuOn 

It is evident, therefore, that 1 eq. of dry grape sugar, Cu Hit 
Oia, losing 1 eq. oxygen, might give rise to mannite and lactic 
acid. The gum has the same composition as sugar, so that we 
are led to believe that the nitrogenized constituents of the juice 
are acted on by the sugar, from which they obtain oxygen ; and 
that these compounds are themselves decomposed by the oxygen^ 
mannite, and lactic acid, which are very permanent, being pn>- 
duced from the sugar. 

There is every reason to believe that the viscous fermentatioa 
is a mixed process, consisting of the lactic fermentation and of 
another, the true viscous fermentation, the products of which are 
gum and mannite. In the preparation of lactic acid from sugar, 
with the aid of curd as above described, I have sometimes obtainea 
a little mannite, but always in so small a proportion as to indicate 
that its production was not essentially connected with that of the 
lactic acid, while in other experiments no mannite appeared. 
Where mannite did occur, I am inclined to suppose that tne lactie 
fermentation was more or less complicated with the viscous. 

BUTTRIO FSRMK1ITATION. 

After the sugar, in the lactic fermentation, has been converted 
as above described, into lactate of lime, if the mixture, still con- 
taining the caseine or curd, be kept for some time in a tempera* 
tore of from 90° to 105°, the nearly solid mass of lactate dissolvea 
by degrees, while a mixture of hydrogen and carbonic acid gaset 
is given off, and at last the whole mass, except the cheese and 
any excess of chalk, becomes liquid. When the disengagement 
of gas has ceased, the liquid is found to contain no lactate, 
but only butyrate of lime ; and this salt may be thus easS;f 
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obtamed in anj auantity. The eonverston of lactic into butyric 
Itfld is easily explained ; for 2 Ce Ha Oe = Ct Ht O4 + H4 + 

Lttctio Add. Bntjrlo Add. 

4 C Oa ; and it is probable that no other product is formed ; for 
fai some experiments I have seen the lactate converted entirely 
Into pure butyrate of lime, which crystallized to the last drop. 

It is evident that under certain circumstances the three kinds 
of fermentation just described may occur simultaneously, so that 
tilie liquid may contain lactic acid, butyric acid, mannite, gum, and 
unchanged sugar. 

Mannite, Ce H? Os, occurs as the chief ingredient of manna* 
It is also found in certain juices, in mushrooms, in roots, such as 
that of celery, and is formed artifically as above described. It la 
easily purified by solution in alcohol and crystallization. It forms, 
when crystallized in water, large prisms, of a weak sweet taste. 
It is not susceptible of the vinous fermentation. Nitric acid and 
permanganate of potash act on it as on sugar. Concentrated 
arsenic acid fives it a brick-red color. 

Lactic acid, Oa Hs Oi 4* H 0, so called because it occurs in 
•our milk, is also formed abundantly, as above described, in a 
peculiar fermentation of certain saccharine juices at a high tem- 
perature. In milk it is derived from the sugar of miSi ; and 
by neutralizing sour milk with carbonate of soda, adding sugar of 
Bulk, allowing it again to become acid, again neutralizing, and so 
on in succession, as long as the caseine causes the peculiar change 
to take place, it may be obtained in large quantity. A still easier 
process is to dissolve 14 parts of cane su^ar in 60 of water, and to 
add 4 of moist cheese ana 7 of prepared chalk. The mixture being 
kept some time at from 77° to 86° F., will at last become quite 
thick with crystals of lactate of lime. If the action of the caseous 
ferment be pushed farther, and at a higher temperature, the 
lactate of lime is not obtained, but in its place, butyrate of lime in 
large quantitv. (See Butyric Fermentation.^ The above quanti- 
ties will yield about 13 parts of lactate after it has been purified by 
erystallization ; besides from 1^ to 2 parts of mannite. The acid of 
sour crout is lactic acid, and by boihng the juice of sour crout with 
ehalk or carbonate of zinc, lactate of zinc or of lime may be obtained. 

Liebig has lately shown that lactic acid eiists abundantly in the 
juice of flesh ; and, as abundantly in the flesh of carnivorous as 
m that of herbivorous animals. This is remarkable, as the food 
of carnivorous animals contains no saccharine or amylaceous mat- 
ter, so that the lactic acid must be formed from albuminous com- 
pounds. The same remark applies to the occurrence of lactino 
m the milk of the camivora. 

It has been stated by Cap and Henry, that lactic acid exists in 
aofmal urine, as lactate of urea ; but I have never been able, bj 
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their process to obtain from urine a trace of lactic acid, nor any- 
thing but pure urea. Pelouze and others were equally unsuc- 
cessful ; and Liebig has proved by experiments on a very large 
scale, that urine contains no lactic acid in the normal state ; and 
farther, that lactic acid, taken internally, cannot be recognized in 
the urine. 

From the lactate of lime, lactic acid may be obtained by the 
action of oxalic acid, which removes the lime as oxalate. The 
filtered solution is lactic acid, which is concentrated by evapora- 
tion, and purified by solution in ether. From the lactate of soda, 
lactate of zinc may be obtained, by adding chloride of zinc to the 
hot saturated solution ; on cooling, lactate of zinc, being sparingly 
soluble in cold water, crrstallizes. This salt, acted on by barytio 
water, yields lactate of baryta, from which sulphuric acid re- 
moves the baryta, and the filtered liquid is pure diluted lactio 
acid. 

In its most concentrated form, hydrated lactic acid is a syrupy 
liquid, of a very strong but pleasant acid taste. Its Sp. G. 18 
1-215. Its formula, Ca Hs Os -j- H O = C0 Ha Oa; but accord- 
ing to Engelhardt and Maddrell, it is bibasic, C12 Hio Oio, 2 H O 
= Ci3 Hii 0\u It is therefore polymeric with dry grape sus^ar and 
with gum ; both of which are C12 H12 Oii. At 482^ the hydrate 
is decomposed, and yields a solid crystalline sublimate^ Ca H4 04» 
which has been called anhydrous lactic acid, or sublimed lactio 
acid. This compound dissolves readily in hot water, and the solu- 
tion if evaporated yields the original hydrate, CflHoOesCf H4 
O4 4" 2 HO. But when the acid is neutralized by bases, only 
one of the 2 eq. water taken up by the sublimed acid is replacea 
by a base ; and consequently we cannot look on the sublimed acid 
as the true anhydrous acid. The anhydrous, acid as it exists in 
the lactates, is C0 Hs O5 ; and the sublimed acid is not lactic acid, 
but is converted into lactic acid when boiled with water.* 

The general formula for the lactates is Ce Hs 0«, M ; or On 
HioOio, 2 HO. The lactates of the alcalies are very soluble and 
deliquescent : that of lime is less soluble in cold water, and crys- 
tallizes readily. The lactate of zinc is sparingly soluble in cold 
water, and is hence well adapted for the extraction and purification 
of the acid. 

XIX. Methtle. Ca Ha =Mt 

This is the hypothetical radical of a numerous series of com- 
pounds, entirely analogous to those of ethyle. There is the oxide 
of methyle, Mt 0, analogous to the oxide of ethyle ; and the hydrat- 
ed oxide of methyle, Mt 0, H 0, analogous to alcohol. This last 

* By diatilling lactic acid with sea-salt, peroxide of manganese, and sol- 
phuric acid, M. Staler has produced aldehyde and chloral. If the quantity 
of chlorine is small, the aldehyde is produced in greatest quantity. 8. 
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Is the compound from which all the others are obtained. The 
extraordinary analogy between ethyle and methyle will enable us 
to describe the compounds of the latter very briefly. 

1. Hydrated Oxide of Methyls. MtO, HO. 

Stw. Pyroxilic Spirit. — This compound is one of the chief pro- 
ducts of the destructive distillation of wood, and is found in the 
watery portion along with acetic acid, acetone, acetate of oxide of 
methyle, and several other ethereal liquids, besides portions of the 
oily matter of the tar dissolved in them. 

By rectification with chloride of calcium, the pyroxilic spirit, 
which combines with that salt, is separated from several other 
liquids which distil over in the heat of the vapor bath. The 
residue, if mixed with its own .bulk of water, and again heated 
in the vapor bath, now fives off the pyroxilic spirit, which is 
still mixed with water. It is purified by rectification with quicks- 
lime, which also destroys any acetate of methyle which may be 
present. 

Pure hydrated oxide of methyle is a liquid very similar to 
alcohol, having the same density and the same degree of inflam- 
mability. Its odor is peculiar and etliereal. It boils at about 
140** or 160**. 

When heated with peroxide of manganese, water and sulphuric 
acid, it yields various products, among which, the chief are, for- 
mic acid, and formomethylal. It is decomposed by nitric acid, 
yielding oxalic acid, and by chlorine, yielding new products. It 
dissolves resins, and is used in making varnishes. It forms with 
baryta a crystalline compound, Ba -fMt 0, H ; and with chlor- 
ine of calcium, another crystalline body, in large hexagonal tables, 
Ca CI 4- 2 (MtO, HO). 

By tne action of platinum powder, pyroxilic spirit is oxidized 
into formic acid, which bears the same relation to it tliat acetic acid 
does to alcohol. 

2. Oxide op Methyle. MtO = (Cj H8)0. 

This compound is obtained, like ether, ^oxide of ethyle), when 
the preceding compound is distilled with its own volume of oil of 
vitnol ; it escapes as an inflammable gas. Like oxide of ethyle, 
it is a base, and neutralizes acids. It even forms a neutral sul- 
phate, which oxide of ethyle cannot do. It is worthy of notice, 
that oxide of methyle is polymeric with alcohol ; for 04 He Oa as 
t(Ca lla 0) : so that these two bodies have the same composition, 
in 100 parts ; that is, the same relative proportions of the same 
elements, but a very different absolute amount ; the equivalent of 
alcohol being twice as heavy as that of oxide of methyle. The 
constitution of these compounds, moreover, is different, for one is 
a hydrate, 04 Hs -f- H ; while the ether is an anhydrous 
oxide, Cs Hs O. 
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:). Ohloride of Methyle, Ca Hs, 01 « Mt 01— Is ft gas, of an 
ethereal smell, iDflammable, of Sp. G. M737. It is formed li^- 
the action of sulphuric acid and chloride of sodium on pyiuziho 
spirit. By the action of chlorine, aided by the sun's rays, it yields 
several new compounds containing chlorine. 

4. Iodide of Methyle, Os Hi, I = Mt I, — Is obtained by distill- 
ing 12 parts of pyroxilic spirit, 8 of iodine, and 1 of phosphorus. 
It is a liquid, boiling between XOt^ and 122^. The fluoriae and 
cyanide of methyle are analogous liquids. 

5. Sulphide of Methyle, Oa Ha , S == Mt S, — Is best formed hj 
the action of a current of chloride of methyle on sulphide of potas- 
sium dissolved in alcohol : Mt 01 + K 8 =i Mt 8 -|. K 01. It is a 
mobile liquid, of a very offensive alliaceous odor, boiling at 104^. 
Its Sp. G. in the liquid form is 0*845 ; in the form of vapor, it is 
2' 11 5. With chlorine, it sives rise to several new compounds. 
The hydrosulphide of sulphide of methyle (corresponding to mer- 
eaptan) I obtained by distilling the double sulphate of methyle and 
potash with the hydrosulphide of sulphide of potassium: (KO, 
MtO,2S03)+H8,KS=2(KO,SOa) + H8,Mt8. Its for- 
mula is HS, MtS=r Oa Ha, 8-I-.HS. It is a colorless liquid, 
lighter than water, which boils at 70°, and acts on the oxides of 
mercury and lead exactly as mercaptan does. Its odor is most 
offensive, resembling that of leeks highly concentrated. 

SALTS OF OXIDE OF MKTHTLX. 

1. Neutral Stdphaie, MtO, SOa, — Is ob tuned when pyroxilb 
spirit is distilled with a large excess of sulphuric acid. It forms an 
oily liquid, of a slightly alliaceous smell. It boils at 370^ 
Boiling water decomposes it into acid sulphate and hydrate of 
oxide of methyle. When heated with chlorides, cyanides, &c,, 
it yields the compound of methyle, with chlorine, cyanog'en, dec. ; 
with a salt of benzoic, succinic, or other organic acid, it yields 
benzoate, &c. of oxide of methyle. Ammonia converts it into 
sulphamethylane. 

2. Bisulphaie of Oxide of Methyle. SfN. Sulphomeihylic Acid, 
H O, Mt 0, 2 8 Oa, — Is perfectly analogous to sulphovinic acid« 
and forms double salts, such as that of potash, K O, Mt 0, 2 8 0; 
which are often called sulphomethylates, and correspond exactly 
to the sulphovinates. The acid sulphate itself may be obtained in 
erystals, which are very soluble andf very acid. It is best obtained 
by the action of hot water on the neutral sulphates. The double 
salts, or sulphomethylates, are of no particular importance. They 
crystallize readily. 

3. Nitrate of Oxide of Methyle, MtO, NOs, — Is obtained when 

Jiyroxilic spirit is distilled with nitrate of potash and sulphuric acid* 
I is an oily liquid, the vapor of which if heated beyond 248^ 
explodes violently. 
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The neutral carbonate of methyle is not known ; but double 
tftrbonates, analogous to those of ethyle with alcidies, may be 
ptiqpared in the same way as those compounds. 

4. Oxalateof Oxide of Melhyle, Mt 0. C« O3 = C4 H3 O4, —Is 
obtained in a manner analogous to that in which oxalic ether is 
prepared. It forms a crystalline solid, soluble in alcohol and 
pyroxilic spirit, which deposits it in large crystals. By the action 
91 dry ammonia, it is converted into oxamethylane (analogous to 
ozsmethane), which is the oxamate of oxide of methyle, Ca Hs 
KOff as Ca Hs, 4- C)4 Hfl N O5. Liquid ammonia converts it 
into oxamide, as is the case with oxalic ether, only here pyroxilio 
smrit and not alcohol is formed at the same time : Ca Ha, O, Ct 
O. + N Ha = C« H3 0, H + Ca O3 N H». This is perhaps 
tbe easiest way of obtaining oxamide in lar^e quantity. 

. Bisulphide of carbon and hydrated cyanic icid act on pyroxilio 
qpirit exactly as on alcohol, producing analogous compounds. 

5. Bemoaie of Oxide of Muhyle, Mt 0, Bz 0, — Is best obtained 
by distilling dry benzoate of lime or soda with neutral sulphate of 
WBKthule. It is an oily liquid of a balsamic odor, analogous in 
other respects to benzoic ether. 

6. AcdaU of Oxide of Metkyle, MtO, Ac Oa, — Is obtained ia 
tbe same way as acetic ether, which it resembles. It occurs in 
considerable quantity in raw pyroxilic spirit, and even in that 
which has only been purified by rectification. When quick-lime is 
used in the rectification, it is destroyed, yielding an additional 
avantity of the pure hydrate of oxide of methyle. It is very vola- 
tile and inflammable, and for most purposes its presence in the 
wood spirit is not at all injurious. It is isomeric with formiate 
of oxide of ethyle ; for Ca Ha + C4 Ha Oa = C4 Ha 4- Cs 
HOa. 

7. Salieyiate of Oxide of MeUiyle, — Exists ready formed, as the 
▼olatile oil of gauUheria procumAens, or wintergreen. It is very 
fragrant, and plays the part of an acid, combining with alcalies. 
When heated with them, however, salicylates are formed, and 
pyroxilic spirit set free. It is a very interesting compound, as it 
contains two substances, previously only known as artificial pro- 
diicts ; namely, salicylic acid and oxide of methyle. It is acted 
on by nitric acid and other re-agents exactly in the same way as 
die salicylate of oxide of ethyle, (which see.) 

The mucate of oxide of methyle b a crystallme solid, analogous 
in its preparation and properties to the corresponding salt of 
ethyle. 

The action of chlorocarbonic acid on pyroxilic spirit is exactly 
analogous to its action on alcohol, producing an oily liquid, C4 Ha 

CIO4 == Ca •! pi'+ Ca H3 O. By the action of ammonia, this 

Uqaid produces a compound, urethylane, (corresponding to ure« 

12 
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thane) C4 Hs N O4 or Ct HioNs Ot == Ca H4 Ns Os + 2 (Os Ht 
0, C Oa ) ; that is, a compound, possibly, of 1 eq. urea, with f 
eq. neutral carbonate of methyle, but more probably of carbamie 
acid, COj, CONHa, and oxide of methyle, Ca Ha 0. 

When a current of ammonia is made to act on the neutral sal-' 
phate of methyle, there is produced a crystalline compound, Ct 
H5 NSa Oe, which has been called sulpliamethylane, and may 
be viewed as oxamethylane, in which -sulphamide, SOa N Ha, hat 
been substituted for oxamide, Ca Oa N Ha ; orSOa for Ca Os. 
It may also be considered, if oxaraethylane be the oxamate of 
oxide of methyle, Ca Ha + C4 Ha N O5, as composed of oxide 
of methyle and a peculiar acid, formed of hyposulphuric acid and 
amide, or rather of sulphuric acid and sulphamide, and which may 
be called sulphamic acid ; and its formula will be Ca Ha H" (St 
Oi.NHa),orCaH3 0+(S03+NHa,S0a) OnthisTiew, 
sulphamethylane is the sulpnamate of oxide of methyle. 

When hydrated oxide of methyle is oxidized by means of plati- 
num powder, it is finally converted into pure formic acid. There is 
evidently, therefore, the same relation between methyle and fonnie 
acid, as between ethyle and acetic acid ; and on comparing the for- 
Biulae of pyroxilic spirit and of formic acid, Ca Ha O, H O, and Ct 
H Oa, H 0, we perceive that the former, to be converted into the 
latter, must have lost 2 eq. hydrogen, and taken up 2 eq. oxygen. 
This is exactly what takes place with alcohol, and there can be no 
doubt, that the pyroxilic spirit yields an intermediate compound, 
exactly analogous to aldehyde, although this has not yet been iso- 
lated. Such a compound would be the hydrated protoxide of a de* 
rived radical, formyle, analogous to acetyle, of which formic acid it 
the hydrated peroxide ; and its formula would be (CaH) O + H O. 
We shall therefore, assume the existence of this radical, and proceed 
to describe its compounds, which are analogous to those of acetyle. 

XX. Formyle. CiH=:Po. 
This radical is unknown in a separate form, as are its protoxide 
aiid deutoxide, corresponding to aldehyde and aldehydic acid. 
But when hydrated oxide of methyle is distilled with sulphuric 
acid, water, and peroxide of manganese, a volatile liquid is 
obtained, which is a mixture of formiate of oxide of methyle, and 
another liquid called methylal. When purified, this latter has 
the formula C0 Hs O4, which indicates, that it is composed of Ca 
HO, HO, or hydrated oxide of formyle, and 2 eq. of oxide of 
methyle, 2 (Ca Ha 0). This compound, briefly, FoO. H + 2 
Mt 0, corresponds to acetal in the series of ethyle ; acetal being 
AcO, HO + AeO. 

Formic Acid. Ca H 0$, H O = Fo Oa H O. 
This remarkable acid occurs in the red ant, formica rufa, and 
may be obtained, in a diluted and impure state, by infusing theso 
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isnets in water. Its prodnetion from pyroxiHc spirit lias been 
described above. It may also be prepared by distilling a mixture 
of starch or sugar with peroxide of manganese, water, and sulphuric 
acid : and it is formed under a great variety of circumstances 
fix>m many organic compounds. 

To prepare the hydrated acid pure and concentrated, the dry 
formiate of lead, PbO, FoOs, is decomposed by sulphurett^ 
hydrogen gas, and the vapor of the formic acid, condensed in a 
well-cooled receiver. It is boiled for a few moments to expel any 
salpharetted hydrogen. It is a clear liquid, of Sp. G. 1*236» 
famine slightly, and has a very pungent acid smell. Below 32^ it 
erystulizes in brilliant scales. It boils at 212°, and its vapor is 
inflammable, burning with a blue flame. This is probably owing 
to the formation of carbonic oxide, for the acid CsH03,H0, 
eontains the elements of 2 eq. carbonic oxide, Ct Os, and 2 eq. 
water. Hi Os. 

With 1 eq. of water, it forms the second hydrate, Fo Oa + 2 
HO, which much resembles the first in properties. Its boiling 
l)oint is 22^, and its Sp. O. is 1.110. 

Both these hydrates are highly corrosive ; a drop of either on 
any delicate portion of the skin causes a severe bum, which blisters, 
•apporates, and is very painful and difficult to heal. In this 
respect the formic acid can only be compared to hydrofluoric and 
hydrated cyanic acids. 

A weaker acid is obtained by distilling formiate of soda, lime or 
lead, with sulphuric acid, previously diluted with half its weight 
of water. Ten parts of formiate of lime, 8 of oil of vitriol, and 4 
of water, yield 9 of formic acid, of Sp. G. 1*075. 

The salts of the acid are best prepared from the weak and 
fanpure acid, obtained by distilling a mixture of 10 parts of starchy 
37 of peroxide of manganese, 30 of oil of vitriol, and 30 of w'ater. 
These materials yield 3*35 parts of formic acid, such that 100 
parts neutralize 16 of dry carbonate of soda. From this acid, 
the formiate of lead may be easily prepared and purified ; and 
from it, by the addition of carbonate of soda, formiate of soda 
may be obtained. 

Formic acid is easily recognized by the action of sulphuric acid» 
which decomposes, without blackening, both it and its salts, caus- 
ing the disengagement of pure carbonic oxide. It also reduces the 
oxides of all tlie noble metals, and is itself oxidized into carbonio 
acid. Formic acid not only reduces the oxides, but also in most 
cases, the soluble salts of the noble metals. 1 eq. formic acid can 
reduce 2 eq. of ii protoxide, such as that of silver, 2 Ag O -f Ca H 
Os ss Ags H" H 6 + 2 C Oa ; or 1 eq. of a deutoxide, such as thai 
of mercury ; Hg O, + Cj H Os = Hg + H O + 2 C Ot . 

Formic acid is a very powerful acid, and forms salts with bases, 
^1 of which are soluble. They are generally similar to tbt 
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acetates, but jet quite distinct. Manj metallic Ibrmiates wIma 
beated in close vessels give off carbonic acid and carbonic oxidey 
leaving the metal reduced ; others give off carbonic oxide, leaviiig 
the oxide. 

Formiate of ammonia, N H4 0, Ct H Oa, contains the elements 
of hydrocyanic acid and water, Ca N H + 4 H O ; and is converted 
into these compounds when its vapor is passed through a red-hot 
tube. Formiate of oxide of ethyle, prepared like the acetate, is a 
volatile ethereal liquid with a peculiar aromatic smell. The corres- 
ponding salt of oxide of methyle is quite analo^us. Formiate of 
gotash IS very deliquescent. Formiate of soda is also very soluble, 
ut may be obtained in crystals. It is a very powerful reducing 
agent, both in a moist and dry way. In the former, it reduces the 
noble metals, in the latter, at a red-heat, by virtue of the carbonle 
oxide it gives off, it reduces most of the reducible metals, such as 
lead, copper, antimony, arsenic, cobalt, nickel, &c. Formiate of 
lead is sparingly soluble in cold water, and is, therefore, easily 

furified, and serves to prepare formic acid and formiate of soda, 
'ormiate of deutoxide of mercury and f<nrmiate of protoxide of 
mercury, both exist. When red oxide of mercury is dissolved in 
oold formic acid, the former salt is produced ; but the slightest 
heat causes an effervescence, while formiate of the protoxide is 
deposited in silvery scales like the acetate. These when warmed 
are decomposed with effervescence and deposition of metallic mer* 
eury. Formiate of silver resembles the acetate, but is very easily 
decomposed by heat, the metal being reduced. 

COMPOUNDS OF FORM TLB WITH OHLORINB, ETC. 

When chlorine or hypochlorites act on oxide of meihyle^ 
hydrated oxide of methyle, and chloride of methyle, a great 
variety of new compounds are produced, corresponding in most 
eases to the compounds obtained by the action of chlorine, ^0^ 
on alcohol, ether, and chloride of ethyle. Our space forbids as 
to give the details of these compositions ; but we may mention that 
two of the compounds formed by the action of chlorine on the 
compounds of ethyle and acetyle, may be viewed as protochlorida 
and bichloride of formyle. These are C4 Ha Cla = 2 (Ca H, 01), 
and C4 H3 CU = 2 (Ca H, Cla). The perchloride of formyle, Po 
Oh = Ca H, CI3, is also produced from a compound of the ethyle 
series, namely from chloral, by the action of alcalies. It is an 
oily liquid of a sweet taste and ethereal smell. * When acted on 

* Tbia sabstance is now termed eklorojbrm, and is used as an anesthetle 
•gent Since the London edition of this work went to press. Prof. Gregory, 
has examined chloroform with regard to its purity. Most of the commerclai 
article is impure, but may be easily purified, according to Prof. Gregory, by 
agitating it with pure sulphuric acid, and allowing the liquids to remain ia 
evntact, for aome time, with occasional agitation. Half the volume of aeli 
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Sj alcalies, it yields chlorides and formiates ; thus with potash, 
sHOl3 + 4KO = 3KCl + KO, Ca HO3. 

When acted on by chlorine, perch loride of formyle yields per- 
chloride of carbon, C« CU = d CI, Cla, just as perchloride of 
acetyle, C4H3,Cl3, yields sesquichloride of carbon, C4 CU = 
C4 CI3, CI3. 

Perbromide of fonnyle is obtained from bromal. Periodide of 
ibrmyle, obtained by Uie action of alcohol on iodine and potash, is 
a yellow crystalline, volatile solid, having an odor analogous to 
that of saffron. 

When chlorine acts on oxide of methyle, Cs H3 0, it produces, 

by substitution of chlorine for hydrogen, the compounds Cs \ ^ 

O ; Cfl j Qi O ; and finally, Cs CI3, O. The second may be 

considered as formic acid, Cs HO3, in which two-thirds of the 

oxygen are replaced by chlorine, C H •{ q. It will then be an 

ozTchloride of formyle, analogous to ozychloride of acetyle. 

When chlorine acts on clHoride. of methyle, Cs H3 CI, threo 
compounds arc formed by substitution. These are, 1st, Cs Hs 

COs = Cs j ^' CI ; 2d, perchloride of formyle. Cs H CI., = 

Cs \ n\ ^1 * <^cl 3d, as before explained, perchloride of carbon, 

Cf CU ics Cls.Cl. 

The action of chlorine on sulphide of methyle, Cs Hs, S, 

appears to yield, Cs ] qj' S ; Cs ] qj^ 8 ; and Cs Cls S. 

The action of chlorine on oxalate, benzoate, and acetate of oxide 
of methyle is quite analo&;ous to its action on the corresponding 
compounds of ethyle, producing the oxalate, benzoate, and acetate 

of oxychloride of formyle, Cs O3 + Cs H j ^j . CmHs 03,+ Cs 

H j g,^. and C4 Hs O3 + C. H jg,^ The'Je curious resulU. 
like those which precede them, are here merely indicated, as we 
have explained the principle of their formation under the heads of 
ethyle and acetyle. 

In some specimens of raw pyroxilic spirit there occurs a large 
proportion of a peculiar volatile liquid, which has been called lig- 

Done or xylite. As its constitution is quite uncertain, although it 

- — - - - - -— 

will be saffieleot If the teld shoald be considerably colored, a second qnan* 
titf dhoold be osed, otherwise nol. The pnrification fa then finished with 
■eroxide of manfaneee, with which it is to be agitated and left in contact an* 
al the odor of suiphurons acid is remoTed. Pure chloroform should have a Sp. 
O. of 1*500, nor should any be used for ansBathetic purposes unless perfectly 
^re, m ierious aceidents are liable to occur from the use of the commercial 
Vttolil. & 
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is belieyed to contain some compound of ojdde of methyl^ «6 
shall state wLat is known of it when treating of the products of 
the dry distillation of wood. 

XXI. Cettle. C3jHM=Ct 

This is the hypothetical radical of a series of compounds, derived 
from spermaceti. The principal one is ethal, the hydrated oxide 
of cetyle, analogous to alcohol. 

Hydrated Oxide of Cetyle. Caz Has O, H O = Ct O, H O. 

Syn. Ethal, — This compound exists in spermaceti, in combina* 
tion with cetylic or ethalic acid Gas Hai O3 . When spermaceti it 
digested with strong caustic potash, a soap is produced ; and this 
being decomposed by sulphuric acid, yields a fatty mixture com- 
posed of cetylic acid and ethal. The whole is acted on by baryta^ 
with which the acids unite ; and the ethal is dissolved from the mix- 
ture by cold alcohol. It is afterwards purified by means of ether. 

Ethal forms a white crystalline solid, like wax, fusible, abool 
118^, volatile at a higher temperature, soluble in alcohol. As 
above mentioned, it is analogous to alcohol ; and although the 
oxide of cetyle has not yet been obtained in a separate form, yet 
there have been formed the chloride of cetyle, and the double sul- 
phate of oxide of cetyle and potash, analogous to the corresponding 
compounds of ethyle. 

When ethal is repeatedly distilled with anhydrous phosphoric 
acid, it loses the elements of 2 eq. of water, yielding a new com- 
pound, cetene =3 Cm H«, analogous to olefiant gas or etherine. It 
IS an oily inflammable liquid. Cetylic or ethalic acid will be 
hereafter described. Its formula is CaiHsi, Os, H = GsHm 
O4 ; it belongs to the series (CH)n -{- O4. 

XXII. Amtle. CioHii=Ayl. 

This is the hypothetical radical of a series of compounds, 
derived from oil of potato spirit, which is itself, when pure, tlM 
hydrated oxide of amyle, analogous to alcohol. Both the radical 
and its anhydrous oxide are unknown in the separate state ; but 
a sufficient number of compounds has been obtained to render Ha 
existence highly probable. 

Hydrated Oxide of Amyle. Cio Hn O, H O = Ayl O, H O. 

Syn. Oil of Potato Spirit; in Glerman, Fuseloel. — This com« 
pound distils over toward the end of the first distillation of spirits 
made from potatoes, rendering these last portions of the spirit 
milky and very offensive. It separates on standing as an oilj 
liquid, which is washed with water to remove alcohol, dried hj 
chloride of calcium, and rectified till its boiling point becomes 
steady at 269** or 270**. It is then pure. 

It is a colorless oily liquid, very mobile, of a strong and nause* 
cos odor, which produces stupifying efifecis. Its vapor, 
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inhaled, causes cough and spasmodic dyspnoea, resembling asthma, 
oflten followed by vomiting. Its taste is very acrid and nauseous. 
Its Sp. G. is 0-812. At — 4^ it crystallizes in shining scales. 
When heated with dry hydrate of potash it is oxidized, hydrogen 
being given off, and the potash is found combined with valerianic 
acid, Cio H0 O3. When distilled with anhydrous phosphoric acid; 
it yields a new carbohydrogen, amilene = Cio Hio. 

The chloride of amyle has not yet been obtained ; but the 
bromide and iodide are formed when the h^drated oxide is distilled 
along with phosphorus and bromine or iodine. They are both 
heavy oily liquids, and their formulae are Ayl Br, and Ayl I. 

The bisulphate of oxide of amyle or sulphamilic acid, Ayl 0, 
HO, 2SO3, is analogous to sulphovinic acid. With bases it 
forms double salts, the formula of which is M 0, Ayl O, 2 S O3, 
which are soluble in water and crystallizable. The solutions, when 
boiled, yield hydrated oxide of amyle, free sulphuric acid, and a 
neutral sulphate. 

The acetate of oxide of amyle is an ethereal liquid, analogous 
to acetic ether. Its formula is Cm Hu O4 3= Cio Hu 0, C4 Ha Oa 
«= Ayl O, Ac O3 . 

The hydrosulphide of sulphide of amyle, Ayl S, H S, is pre- 
pared in the same way as mercaptan, to which it is quite analogous. 
It is an oily liquid, boiling at 243°, of Sp. G. 0-836. It has, like 
the corresponding compounds of ethyle and methyle, a most pene- 
trating odor of onions ; and, like them, it acts on red oxide of 
mercury, forming a white crystalline compound, Ayl S, Hg S. 

The sulphocarbonate of oxide of amyle, very analogous to the 
bisulphocarbonate of oxide of ethyle, is formed when bisulphide 
of carbon acts on a solution of potash in oil of potato spirit. 

OXIDATION OF UTDBATBD OXIDE OF AMTLE. 

Valerianic Acid. Cio H9 O3 , H O = Cio Hio O4 . 

It has already been mentioned, that when oil of potato spirit is 
heated with dry hydrate of potash, hydrogen is given off, and 
valerianate of potash is formed. Here the oil, Cio Hu 0, H O, 
loses 2 eq. hydrogen, and gains 2 eq. oxygen ; so that valerianic 
acid stands to amyle in the same relation as acetic acid to ethyle, 
and formic acid to methyle. The acid is easily separated by dis- 
tilling the salt of potash with diluted sulphuric acid. In composi- 
tion and in all its properties, it agrees with the native valerianic 
acid, obttuned by distilling the root of Valeriana officinalis with 
water. It belongs to the series of acids, the general formula of 
which is (CH)n + 04. 

Valerianic acid is a limpid, oily flmd, of a disagreeable and 

Culiar smell. Its Sp. G. is 0-944, and it boils at 270°. With 
m, it forms soluble salts, which have a sweet taste. 
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The action of chlorine on hydrated oxide of amjle gires rise to 
the formation of a compound, chloramilal, supposed to be analo- 
gous to chloral, but the composition and nature of whieh are not 
rally known. 

Amilene, the carbohjdrogen obtained by distilling hydrated 
oxide of amyle with dry phosphoric acid, has the formula Cm Hm^ 
and is, like cetene, isomeric with defiant gas. 

XXIII. Gltcerylb. CsHt^GI. 

This is the hypothetical radical of glycerine, a basic componiidl 
which exists in all neutral fat oils combined with oily acids. 

Hydrated Oxide of Glyceryle. C« H7 Os + H O = Gl Oi H O. 

Syn. QlyceriTM, — To obtain it, olive oil b converted into plaster 
by long boiling with litharge and water. When the plaster is com- 
pletely formed, the glycerme is found dissolved in the water. It 
IS purified from lead by sulphuretted hydrogen, and is then con« 
centrated in the vapor bath and finally m vacuo. When pure, il 
forms a viscid syrup, colorless or slightly yellow. It has a 
decided sweet taste, and its Sp. G. is 1-252. By the action of 
heat it is decomposed, yielding a peculiar volatile compound^ 
acroleine, which attacks the eyes most powerfully. This substance 
has lately been studied by Redtenbacher : we shall give his results 
when treating of the action of heat on fat oils. 

With sulphuric acid, glycerine forms an acid sulphate, Ct Hf 
Os, H 0, 2 SO3 ; which forms double salts, analogous to the sul* 
phovinates, the formula of which is, M 0, Gl Os, 2S O3. 

There is reason to believe that the basic compound in oils hat 
not the composition of the isolated glycerine. In some oils it wotild 
appear to be Ca Ha 0, which Berzelius calls oxide of lipyle ; and 
Ce H7 O5 = 2 (C3 Ha 0) + 3 H O. On this view,oxide of lipyle, 
when sepatated, combines with water to yield glycerine. We 
shall also see that acroleine, the product of the action of heat 00 
glycerine, is Ce H4 Oa = 2 (Ca Ha O.) 

Having now briefly described the known or admitted organio 
radicals and their derivatives, we proceed to consider the organio 
acids whose composition is known, although we cannot speak with 
certainty of their constitution, their radicals being yet unknown. 

Oboanig Agios. 

1. CiTBic Acid. C12H5 Oii,3H = Ci, 3HO. 

This acid is found in many vegetable juices, especially those of 
sour fruits, as the lemon, lime, orange, red-currant, dsc. It it 
extracted by adding chalk to the acid juice, by which means ta 
insoluble citrate of lime is formed. This is decomposed by diluted 
sulphuric acid with the aid of heat, and the solution, filtered from 
the sulphate of lime, gives on evaporation and coolbg crystals of 
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eMb aeid, consistbg of Ci, 3 H O -f <^- -^ slight excess of lul- 
phvie acid promotes the crystallization. 

It Ibnns large transparent crystals, very soluble in water, of a 
Tery strong and agreeable acid taste. A diluted solution is soon 
deocMnposed, becoming mouldy. By spontaneous evaporation of a 

takirBted solution, crystals mav be obtained, which are Ci, 3 H O 

is aq. At 212^, these lose the 2 eq. of water of crystallizaUon. 
e otner crystals, above mentioned, do not lose water at 212^, 
but melt at 266^ ; and when heated beyond 300^, both kinds are 
daeomposed. Heated with oil of vitriol in excess, citric acid is 
deeomposed, yielding, , 

From 1 eq. citric acid CuHtOn 

2 eq. carbonic acid . . . . , Ct O4 

2 eq. carbonic oxide Ca Os 

3 eq. acetic acid *. . . CsHeO^ 

a eq. water H2 Oa 

CiaHtOw 

kn like manner, when fused with caustic potash, citric acid is 
VMolved into 2 eq. of acetic acid, 2 eq. oxalic acid, and 2 eq. 



When citric acid is added to lime-water, the liquid remains 
dear, bat when heated becomes turbid, and deposits citrate of 
Ubm. This character serves to distinguish citric acid from most 
ctlMT Tegetable acids. 

SALTS OF CITRIO AGlD. 

CStric acid is tribasic, and forms three series of neutral salts^ 
tfiat is, of salts with 3 eq. of base, whether fixed base or basic 

water. It also forms basic salts, of the formula Ci, 3 M O -f M O 

€r(St3M0 -{-MO + aq. These basic salts correspond in con- 
itillition to the two forms of crystallized acid. 

When a dry citrate, with 3 eq. of fixed base, is decomposed by 
■n alcoholic solution of hydrochloric acid, so that no more water 
IS presented to the citric acid than the 3 eq. of basic water derived 
ttom the hydrofi^en of the hydrochloric acid and the oxygen of the 
base, there are formed, from 3 eq. dry citric acid, 2 eq. oi the acid 
wiih 1 eq. of water of crystallization, and 3 eq. of the hydrated 
$0(mitic acid : 3 (dt Us On, 3 H 0) r= 2 (Cu Hs On, 3 H + aq.) 
4*3(04 H O3, HO). This is the same change which takes 
place in citric acid when heated to a certain pomt, water being 
g^fen off. 

- C&trate of oxide of ethyle, Ci, 3 Ac O, is an oily liquid of Bp, 
O. 1*142. By alcalies it is converted into citrates and alcohol. 
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Citrate of potash occurs in three forms : Ci, 3 K ; Ci, j jj q, 

and Ci, ] o XT Q All are very soluble, and crystallize with dif- 
ficulty. 

Citrate of soda also forms three salts. 1. Ci, 3 Na O -f 1 1 aq* 

This salt forms large regular crystals. 2. Ci, 2 Na 0, H O ; formed 
by adding to a solution of the preceding salt half as much citric as 
it already contains. It forms by evaporation, needles of a very 

pleasant subacid taste. 3. Ci, Na O, 2 H 0. Formed by ad> 
ding to a solution of No. 1, as much citric acid as it already con- 
tains. This salt does not crystallize in water, but forms a gummr 
mass. A saturated alcoholic solution, however, deposits crystal- 
line grains. 

Citrate of baryta forms two varieties. 1. Ci, 3Ba O +7 aq. 
which falls when citrate of soda is added to chloride of barium. 

2. 2Ci, j^5o^+7aq. = Ci, j ^ J^J^ + Ci, 3 Ba O + 7 aq. 

This is deposited on cooling, when a boiling solution of citrate of 
soda is added to a boiling solution of chloride of barium and free 

citric acid. Citrate of lime also yields two salts. 1 . Neutral, (^ 
3 Ca -}- 4 aq. formed by mixing chloride of calcium and citrala 

of soda. It is insoluble. 2. Basic, Ci, 3 Ca O -j- Ca -j- >q«» 
formed when citric acid is heated with excess of lime-water. Tia 
citrate of lime formed from lemon, or currant juice, by chalk» li 
an impure mixture of the basic and neutral salts. Citrates of lead» 

I. Ci, 3 Pb + aq. 2. Ci, 2 Pb 0, H O + 2 aq. : 3. Basic : (S^ 

3PbO+3PbO. 4. Also basic. Ci, 3 Pb O + Pb O -{- aq. 
These are all sparingly soluble or insoluble, and are decomposed 

by washing. Citrate of copper is basic, Ci, 3 Cu -}. Cu 0. 

Citrate of silver is a brilliant white, insoluble powder, Ci, 3 AgO 
4- aq. It loses its water under 80^. Citrate of antimony and 

Eotash is a double salt, Ci, Sba O3 + Ci, 3 K O -f 5 aq. It forms 
ard, brilliant, white prisms, which lose their water at 212®. 
The Ferro-citrate of Morphine, — This double salt may be formed 
by adding to a saturated solution of citric acid, pure morphine; 
and then neutralizing with moist hydrated sesquioxide of iron. It 
forms a red salt which may be obtained in beautiful red scales, by 
evaporating the solution down to the consistence of syrup, pourii^ 
upon glass, and drying with n moderate heat This salt wiU 
doubtless prove highly efficacious in medicine. The Ferro-cUroh 
of Salicine can also be prepared by following the above process, 
substituting salicine for morphine. Salicine is a weak base, 1ml 
will form salts with acids and acid radicals, under favorable eir* 
cumstances* — ( Sandert.) 
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ACTION OF HBAT ON CITRIC ACID. 

The first effect of heat on crystallized citric acid is to melt it, 
and the next, to expel the water of crystallization. The acid, if 
BOW dissolved, crystallizes unchanged. Bat if the heat be con- 
tiniied, there is given off gas and inflammable vapors, and the 
midue is no longer citric acid, but hydrated aconitic acid. 

1 eq. crystallized citric acid, C» Hs On -|- 3 H O + 2 aq. 

mekb, first, 5 eq. of water, 3 H O -}- 2 aq. 

then, 1 eq. aconitic acid (hydrated) C4 Hs O4 

4 eq. carbonic oxide, C4 O4 

1 eq. acetone, Cs Hs Oi 

1 eq. carbonic acjd, C 1 Oa 

CuHs Oii + 3HO + aaq. 

When the heat is increased, other products appear, particularly 
two new acids. But these are derived from aconitic acid. They 
tt6 itaconic and citraconic acids. 

Aconitic Acid. C4H03,HO = At 

8tn. Equisetic Acid, — This acid occurs native in aeonitum nap" 
dku and in equiitettanJluvicUUe. It is formed by the action of 
beat on citric acid, as above. To obtain it, citric acid is heated till 
it eeases to give off inflammable vapors, and the residue, dissolved 
bk alcohol, is treated with hydrochloric acid gas, which causes the 
fNmatioQ of aconitic ether. The addition of water causes this to 
■eparate, and by caustic potash, it is converted into aoonitate of 
potash. From this, aconitate of lead is prepared, and this salt, 
oeoomposed by sulphuretted hydrogen, yields the acid. 

It forms indistinct crystals, and although the acid thus prepared 
hat the same composition as that from aconite, and that from 
eqoisetum, yet each of the three varieties has some peculiarities. 
Tney may not, therefore, be identical, especially as two acids, 
derived from malic acid, the maleic and paramaleic, or fumaric 
adds, have the same composition. The aconitic acid from citric 
aeid, when heated, yields itaconic and citraconic acids ; it is doubt- 
bll, at present, whether the other two varieties do so. 

Aconitic acid, according to the present state of our knowledge, 

ia monobasic, and the general formula of its salts is At, M 0. The 
aoonitates are not important. 

When aconitic acid (from citric acid) is heated to from 356^ to 
3i2^, it boilaand yields a mixture of two acids ; itaconic acid, which 
OMidenses in crystals, and citraconic acid, which appears as aa 
oily liquid. When the distillation is very rapid, itaconic acid pre* 
dominates ; when it is slow, there is more citraconic acid. Thest 
fm9 acids have both the formula Ct Ha O3, H 0. 
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Itaconie acid is readily purified by solutton in hot water, as H 
ciTstallizes with great facility. It is soluble in water, alcohol and 
ether. When heated it is resolved mto water and anhydrous cU- 
raconic acid. It is a monobasic acid, and its formula is Cs Hs Os, 

H O = It, H O. The formula of its salts is It, M O. It also forms 

acid salts, the formula of which is 2 It, M O, H 0. The itaconates 
are not of special interest. 

Citraconic acid is formed when the preceding acid is distilled, 
and then appears in the anhydrous state, as a limpid oily liquid* 
It distils unaltered, at 410^, and volatilizes slowly at much lower 
temperatures. It attracts moisture from the air, forming a crjrs- 
talline hydrate, which, when heated, is again resolved into water 
and anhydrous acid. The formula of the anhydrous acid is Cs Ha 

Oa = Ct ; that of the hydrate Ct, H O. It forms, like the pre- 
ceding, both neutral and acid salts ; and produces with oxide of 
silver, a neutral salt, with water of crystallization ; an apparently 
anomalous case. The formation of these two acids takes place as 
follows : 3 eq. of aconitic acid, 3 (C4 Ha O4 ), yield 2 eq. itaconie 
acid, 2 (Cs Ha 03,H 0) and 2 eq. carbonic acid, 2 COa. The 
itaconie acid, when formed, is partiaUy resolved into water and an- 
hydrous citraconic acid. 

The three acids just described, aconitic, itaconie and ciiraooms 
acids, require farther investigation. It is probable that it wiH 
be found that they are not all monobasic. The existence, of water 
of crystallization in the neutral citraconatc of silver is a mosi 
unusual circumstance, and would seem to indicate that we do not 
yet know the constitution of the acid in that salt. 

2. Tabtartc Acid. C« Hi Oio, 2 H O = T, 2 H O. 

This acid occurs in the juice of the grape as acid tartrate of 
potash ; also in many other plants. It is prepared from tartrate of 
lime exactly as citric acid is from citrate of lime. Tartrate of 
lime is obtained by the action of chalk on acid tartrate of potaahv 
or cream of tartar. 

Tartaric aeid crystallizes in large rhombic prisms, transparent 
and colorless. They are very soluole in water, and have a pleas- 
ant acid taste. When boiled with alcohol, tartaric acid forms acid 
tartrate of oxide of ethyle. A high temperature decomposes tar- 
taric acid, giving rise to several new products. 

An excess of potash aided bv heat, transforms it into acetate 
and oxalate of potash, C. H4 Oio, 2 HO = Ci Ha O3, HO -f t 
(Ca Oa H 0). JBy peroxide of manganese and sulphuric acid it 
is converted into formic acid, carbonic acid, and other products. 
There is some relation between tartaric and formic acids : for if 
formic acid be Fo O3 (Fo = Ct H), tartaric acid is 2 (Fot Os). 

Tartaric acid precipitates time -water white, but an excess dis* 
solves the precipitate. In solution of potash, if the acid be added 
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m excess, it causes a crystalline deposit of cream of tartar, which, 
where the potash is in very minute proportion, is rendered more 
▼isible by the addition of alcohol. 

It is a bibasic acid, and forms two series ot salts : 1. Neutral, 

f , 2 M ; 2. Acid, f , M O, H O. It forms also two kinds of 
doable salu : in one the 2 eq. of fixed base are dififerent protoxides, 

' ]m Q. ill ^^ other, one of the equivalents of fixed base is 

replaced by 1 eq. of a sesquioxide, T, \ q This latter kind 

may be considered basic, since the sesquioxide, ms O3, usually 
aeutralizes as much acid as 3 eq. of protoxide. Tartaric acid is 
remarkable for its tendency to form double salts. 

Among the neutral tartrates are, the tartrate of ammonia, 

T, 2 N H4 O + 2 aq. ; tartrate of potash, or soluble tartar, 

T, 2 K ; tartrate of soda, T, 2 Na O + 4 aq. ; tartrate of lime, 

fi^2 Ca + 8 aq., <fec. <fec. 

Among the acid salts are, acid tartrate of ethyle, or tartrovinic 

acid, T, Ae 0, H O — a crystallizable compound : acid tartrate of 

potash, or tartar, T, K 0, H O. This is the principal compound 
of tartaric acid. It exists in the juice of tlie grape, dissolved by 
the aid of the sugar present, and when that sugar is converted into 
alcohol, in which the tartar is insoluble, it is deposited on the sides 
of the fermenting casks. When purified it is quite white, and is 
Mlkd cream of tartar. It is much used in medicine as a safe and 
aaild laxative. When calcined in a covered crucible it leaves a 
Biizture of carbonate of potash and charcoal, called black flux. 
Hence carbonate of potash is called salt of tartar. Like all the 
tartrates, cream of tartar, when heated, gives off a very peculiar 
•mell of burnt vegetable matter, peculiar to tartaric and racemic 
acids and their salts. 

Among the very numerous double tartrates may be mentioned 

tbcT tartrate of potash and ammonia, T, K 0, N H4 O. The tar* 

ftrate of potash and oxide of ethyle, T, Ae 0, K O. Tartrate of 

potash and boracic acid, T, K 0, 6 Oa^; this is the soluble cream 
of tartar used as a laxative on the continent. Tartrate of potash 

and soda, T, K 0, Na + 10 aq. ; this is the salt of Seignettc or 
Bochelle salt ; it crystallizes in very large transparent prisms, and 
ia used as a mild laxative. Tartrate of potash and peroxide of 

iron, T, K 0, Fea O3 ; this is the tartarized iron of the pharma- 
copoeias. Tartrate of potash and antimony, T, KO, SbaOa; 
this is tartar emetic, one of the most valuable remedies : it must 
be considered as a basic salt; for Sba Os, here substituted for H 
O or K 0, in short for a protoxide, requires for its neutralisation 
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an additional equivalent of tartaric acid. It then yields the com* 

— f K O 
pound 2 T -{- jcu Q which is neutral, since the hasea contain 

4 eq. of oxygen for 2 eq. of acid. 

Tartar emetic is formed when 3 parts of oxide of antimony and 
4 of cream of tartar are ground together, and made iuto a thin 
cream with water, which is heated to 158^, till a portion, tried 
separately, dissolves in 15 parts of cold water. When this is the 
case, 6 or 8 parts of water are added, and the whole hoiled for 
half an hour. The liquid, filtered while hot, deposits, on cooling, 
crystals of tartar emetic. It forms white brilliant crystals whidi 
soon become opaque. It is soluble in 14 or 15 parts of ctAA 

water and 2 parts of boiling water. The crystals are T, K O, Sba 
O3, + 2aq. 

When heated, the crystals first lose the 2 eq. of water of crys- 
tallization ; and when the heat rises to 390®, 2 more eq. of water 
arc given off, without the acid being destroyed. The salt is then 

(K 
Ci Ha Oio + jg, Q That is to say, 2 eq. of oxygen, from the 

oxide of antimony* have been expelled along with 2 of hydrogen 
from the acid, it has been already shown that tartar emetic, On 

H4 Oio 4- -joi^ Q contains 2 eq. of oxygen in the bases, more 

than is required for a neutral salt ; and it is apparently these 2 eq* 
of oxygen which are thus expelled as water. If we bear in miiMl 
that Sba O3 is the equivalent of 3 K 0, or, in other words, that 
Sbf is equivalent to K or to H, we can then see that the tartar 
emetic heated to 390® is analogous in composition to neutral tar* 
trate of potash. 

Tartrate of potash is Cs H4 Om + Ki 

Tartar emetic, heated to 390°, is . . . Ct j?* O11 + gj^. 

In this point of view the 2 Sb are divided, ^ Sb replacing 
hydrogen in the radical, and | Sb replacing potassium in the bate. 

The neutral tartrate of potash and antimony, 2 T, •< g. q 

-{- 7 aq., is always formed in the mother liquors of tartar emetic. 
It is also formed when tartar emetic is dissolved in tartaric acid. 

Tartar emetic forms a double salt with cream of tartar, T, K O, 

Sba O3 + 3 (T, K 0, H O). It crystallizes in scales. 

The Double Tartrate of Iron and Quinine, (Ferro- Tartrate if 
Quinine,) — Can be prepared by adding to a saturated soluti<m 
of tartaric acid, pure quinine, and then moist hydrated sesquioxide 
of iron. The solution should be carefully evaporated to the con* 
sbtence of syrup, poured on glass, and dried to brilliant red 
scales. This is a preferable preparation to the ferro-citrate of 
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qidnme, as it is more soluble in cold water. Its effect upon the 
•jstem is the same as the double citrate. — (Sanders), 

'^The Ifhro- Tartrate of Morphine can be prepared as the above. 
The ferro-citrate and the ferro-tartrate of morphine, have proved 
▼aluable remedies in the hands of Professors Newton, King and Free- 
man. The Ferro-tartrate of salicine can be prepared as the above, 
sobstituting this alcoloid for quinine or morphine. — (Sanders). 

It 18 quite probable that double citrates and tartrates of quinine 
and morphine can be prepared with equal facility with the above. 
— (Sanders), 

ACTION OF HBAT ON TARTARIC AdD, 

When crystallized tartaric acid is heated, it melts, then loses | 

of its water, leaving a new acid, tartralic acid ; next it loses ^-its 

water, and is converted into tartrelic acid ; and finally it loses all 

its water and is converted into anhydrous tartaric acid. We may 

represent these changes as follows, doubling the formula of 

tartaric acid. 

Gift Hs 0» + 4 H O = crystallized tartaric acid. 

CwHs Oao-f 3 H O = tartralic acid. 

Ci« Hs Oso-f 3 H ^ == tartrelic acid. 

Cu Ht 0» = anhydrous tartaric acid. 

In tartriAic and tartrelic acids, the neutralizing power is dimin- 
islied» in so far that tartralic acid neutralizes j- less base, and 
tartrelic acid ^ less base than tartaric acid. Both of these acids, 
as well as the anhydrous acid, are, by long boiling with water, 
raconverted into tartaric acid. It would appear as if in the tar- 
tralic and tartrelic acids, an additional quantity of anhydrous acid 
had been added to the radical without affectmg the neutralizing 
power, just as in phosphoric, pyrophosphoric, and metaphosphoric 
aeids. If we represent the anhydrous acid by C^Hs Oa, then 
we have, 

a (04 Ht Of) + a H O = crystallized acid. 

3 (C4 Ht Of) + a H O = tartralic acid. 

4 (Ci Ht 0«) 4- a H O = Urtrelic acid. 

When tartaric acid, or rather anhydrous tartaric acid, is more 
•troogly heated, it yields two pyrogenous acids, one liquid, the 
other crystallized. The former, Co Hs Os, H O, the latter Cs Ha 
Oi, H 0. In fact, 2 eq. of anhydrous tartaric acid contain the 
elements of 1 eq. of each of these new acids, 5 cq. of carbonic 
add, and 2 eq. of water. The liquid acid is called pyroracemic 
acid, being obtained also from racemic acid : the solid acid may 
be called pyrotartaric acid. 

Tartralic acid, Ci2H«05,2HO, is obtained by cautiously 
heating tartaric acid, taking care not to cause it to become brown. 
It is combined with baryta, and the baryta separated from the 
eolnble tartralate by diluted sulphuric acid. Tartralic acid forms 
9k. tnnaparent maM, not crystalline, deliquescent, and soluble in 
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alcohol. It is converted into tartaric acid, slowly bj coM wat^i 
rapidly by hot water. It appears to be bibasic, and most of itt 
satis are soluble. By long contact with water, they are conyeried 
into tartrates and free tartaric acid. 

Tartrelic acid, CieHs Oao, 2H0, is obtained by keeping the 
preceding acid long melted without raising the tenifieratare. Il 
IS colored brown, is deliquescent, and dissolves both in water and 
alcohol. Water rapidly changes it into tartralic and tartaric 
acids. Its salts are soluble, and undergo the same change m 
those of tartralic acid. 

Anhydrous tartaric acid, Ci Ha Oa, is prepared by rapidly 
heating ^ oz. of tartaric acid in a porcelain capsule. It swells wp 
very much, gives off water, and is at last converted into a porous 
white mass. This is now heated for some time, in an oil-bath, U) 
a temperature of 302°, then powdered and well washed with cold 
water, and dried. It forms a white powder insoluble in water* 
alcohol, and ether. By the action of water and bases it is con- 
verted successively into tartrelic and tartaric acids. Pyroracemie 

acid, or liquid pyrotartaric acid, Ce H3 Os, H O = pR, H O, it 
one of the products of the distillation of tartaric and racemic acids. 
It is separated from the crystals which accompany it, combined 
with oxide of lead, and the well -washed pyrotartate of lead decom* 
posed by sulphuretted hydrogen. It is concentrated in vacuo^ 
and forms a thick syrup nearly colorless, which cannot be distilled 
without partial decomposition. Its salts are not easily obtained 
in crystals, and when their solutions are heated, they lose the 
power of crystallizing. The general formula of the pyroracemates 
18 C« Hs 05,M0. They are colored dark red by salts of pro* 
toxide of iron, and a crystal of sulphate of copper introduced mlO 
tlie solution of a pyroracemate causes a white precipitate. PyrtK 
racematc of oxide of ethyle is a colorless liquid, of an aromati# 
smell, resembling that of acorus. 

Pyrotartaric acid, Ca H3 O3, H = pT, H 0, is formed alonff 
with the preceding acid in small quantity by the distillation of 
tartaric acid ; it is obtained far more abundantly by the distillatioii 
of cream of tartar. The product of the distillation, which is liquid* 
is evaporated till it crystallizes, and the mother liquid, acted on 
hj nitric acid to destroy the oily impurities, and again evaporated* 
yields an additional quantity. The crystals melt at 230°, and vols- 
tilize at from 284° to 300°. The salts of this acid are soluble ; 
that of lead appears to be rather sparingly so. But the results of 
different experimenters on this subject are so discordant that W6 
must wait for farther researches, 

3. Racemic Acid. C4 H« O5 , H O ==k, H O? or Cs Hs Oio, 9 H O 

= R,2H01 

Sin. Paratarlaric Acid. — This remarkable acid, which has tbo 
same composition in 100 parts as tartaric acid* and very similar 
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pRiperttos, is found along with tartario acid in the grapes of cer- 
tain districts. When boUi acids are present, the liquid obtained 
bj boiling the tartrate and racemate oflime with diluted sulphuric 
•Old, deposits, on evaporation, racemic acid in hard crystalline 
cmata, before tartaric acid, which is more soluble, begins to crys- 
tallise. It may be distinguished from tartaric acid by not forming 
a double salt of potash and soda. 

The crystals of the racemic acid have a very sour taste, and are 

composed of R, H + aq. At 212° they lose the 1 eq. of water 
of crystallization, and when more strongly heated, yield the same 
products as tartaric acid. The solution of racemic acid forms a 
pnecipitate of racemate of lime when mixed with chloride of calcium, 
vhich serves to distinguish it from tartaric acid ; but like tartario 
aoid, it causes a crystalline precipitate in the salts of potash. 

Bacemic acid is possibly monobasic, and according to some, it 
does not, like tartaric acid, form double salts with two strong bases. 

It forms neutral salts,. R, M 0, and acid salts, R, M -f R> H O. 

Tims the neutral racemate of potash is R, K -f* 2 aq., and the 

add racemate of potash, analogous to cream of tartar, is R, K O 

-^R,HO. These two salts, therefore, have precisely the same 
composition as the corresponding tartrates. The acid racemate of 
potash, with oxide of antimony, yields a double salt analogous to 
tartar emetic, but of a different crystalline form. The relations of 
racemic acid to the oxides of ethyle and methyle are similar to 
diOBe of tartaric acid. On the whole, racemic acid is interesting, 
from its presenting one of the best marked cases of isomerism, 
namely, with tartaric acid. In this case,' not only is the composi- 
tioD the same, but the general properties, and most of the special 
onee, are identical. In fact, were it not diat we must admit tar- 
taric acid to be bibasic, we should find it difficult in any way to 
account for the differences which exist between the two acids. We 
have here, even on the supposition, which is doubtful, that racemic 
acid is monobasic, a very near approach to the occurrence of dif- 
ferent properties with the same composition, and even the same 
arrangement. The two acid salts of potash, for example, are, on 

tUc view, C« Hi Ok) ] ^ q for the bitartrate : and Ci Ha O5 , K 

-f- C4 Hfl O5, H for the biracemate If we represent the latter 

as follows • n* u* Q j TT Q we see how very nearly alike they 

are* even on the view we have adopted of the one acid being biba- 
me, and the other monobasic : and we must bear in mind that 
these two srflts are strikin<^ly similar in properties. The same 
remarks apply to the crystallized acids and to the double salts with 
antimony, although in the case of the two acids, we have evidence 
of oae point of difference in the arrangement. Tartaric acid is 

13 
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C8H40o,2HO, while racemic acid is C4 Ha Oi,HO-f-aq[^ 

and loses the water of crystallisation at 212°. 

Fresenius has recently investigated the racemates and has not 
been able to establish the true distinction between racemic and 
tartaric acids. More recently still, a donble racemate of potash 
and soda has been obtained, which would lead us to admit racemte 
acid to be, like tartaric acid, bibasic. For the present, therefore, 
we cannot specify with certainty any difference of constitutioD 
between the two acids. 

4. Malic Acid. Cs H4 Ot, 2 H O =~M, 2 H O. 

This acid is of very frequent occurrence in acid fruits, as in ifaa 
apple, and especially in the unripe berries of sorhus aucuparia, of 
mountain ash. The best method of extracting it is to express the 
berries when they begin to turn red, and to add to the strained 
liquid a thin milk of lime so as not entirely to neutralize the acid. 
On heating, neutral malate of lime separates, and is removed by m 
skimmer. To the mother liquid more milk of lime is added can* 
tiously, so as to produce an additional quantity of salt. The 
malate of lime is washed with cold water, and dissolved with the 
aid of heat in a mixture of 1 part nitric acid, and 10 of water* 
On cooling, acid malate of lime is deposited in regular crystals, 
which are almost always colorless. They are rendered quite pnre 
by a solution in hot water and crystallization. From this salt, by 
the addition of acetate of lead, malate of lead is precipitated as m 
curdy white solid, which, if left in the liquid, changes into shining 
silky crystals. These, which are pure malate of lead, being 
decomposed by sulphuretted hydrogen, yield the acid, whirH wheo 
evaporated to a syrup, forms a granular crystalline mass, debtees- 
cent in the air, of a strong but agreeable acid taste. When the 
crystallized acid is kept for some time at a heat of 280^, it melts, 
and the melted acid is gradually filled with crystals. Cold water 
removes the unchanged malic acid, which, if again heated, under- 
fi^s the same change, till at length all the malic acid is converted 
mto these crystals, which are paramaleic or fumaric acid. 

If malic acid be distilled by a sharp heat, a great part passes 
over in the form of a volatile crystallizable acid, the maleic add* 
At a certain period of the distillation, if the retort be removed 
from the fire, the boiling residue having become turbid and thick, 
it suddenly becomes quite solid, and is found to consist of fumarie 
acid. 

Malic acid is bibasic ; in proof of which, it forms acid salts 
with lime, magnesia, and oxide of zinc, which monobasic acids 

never do. There are two series of malates : 1, Neutral, M 2 M ; 

2, Acid, M, M O, H O. Most of the malates are soluble in water* 
but not in alcohol. Lime water, neutralised by malic acid^ 
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Amet dear whether cold or hot, which serves to distinguish it from 
tartarie, citric, racemic, and oxalic acids. 

Acid malate of ammonia, M, NH4 O, H O, is best formed bj 
iieiilrah'zing with ammonia one of two equal portions of malic acid 
(as prepared from the crude malate of lead by diluted sulphuric 
a^id), and then adding the other portion, and evaporating to a 
aynip. On cooling, large and very regular crystals of the acid 
are deposited, which are easily decolorized by animal charcoal. 
This is an excellent method of purifying malic acid, when it is 
much contaminated with other substances. Acid malate of lime, 

S9 Ca 0, H -{- 6 aq., is prepared as above described. It forms 
Very regular and pure crystals, soluble in their own weight of 
boiling water, but requiring 20 parts of cold water. When malic 
acid is saturated with chalk, an acid liquid is obtained, which, 

when boiled^ deposits the neutral malate of lime, M, 2 Ca 0. The 

malate of lead, M, 2 Pb + 6 aq., is remarkable for changing 
when left in the liquid in which it has been formed, from a curdy 
white precipitate to a mass of fine silky needles. In hot water 
this salt melts into a mass like pitch in consistence. Acid malate 

of copper, M, Cu 0, H 0-{- 2 aq., forms splendid large crystals of a 
fine cobalt-hlue color. There appears to be a basic malate of copper, 

S, 2 Cu 4" Cu + 6 aq., which forms green crystals. Malate of 

silver, M, 2 Ag O, is a white powder, soluble in boiling water. Tho 

other malates are analogous to these, and possess little interest. 

Maleie acid, Cf Hs Oe. 2H O 3= Ma, 2H O, is prepared as 
above mentioned, by distilling malic acid. This acid is bibasic, 
liut has the same composition, in 100 parts, as aconitic, or equi* 
seCio acid. It forms crystals, which arc very soluble in water, 
•leohol, and ether. When heated sharply, it yields water, and a 
white volatile solid, melting at 134^, and boiling at 350**, which 
appears to be an anhydrous mali'ic acid. When the hydrated acid 
b kept melted for some time, it is changed, exactly as malic acid 
is, into fumaric acid. Hydrated maleic acid has precisely the 
same composition as anhydrous malic acid, which at once explains 
k formation. 

The general formula of its salts is, Ma 2, M O, for the neutral, 
pnd Ma, M O, H O, for the acid maleates. It fofms an acid male- 
ate of silver. Ma, Ag 0, H 0. _ 

Fumaric or paramaleic acid, C4 H 03,H O =s Fu, H O, is 
tbrmed, as above stated, by heating either malic or maleic acids 
to their melting point, and keeping them melted for a long time. 
fi occurs in fumaria oMcinalu, and in Iceland moss. It forms. 
tileaceous scales requinng 200 parts of cold water for solution. 
It Is soluble in alcohol. 
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It is a DionobMic aeid, bat has the uiroe ooinponiioii in HM 
parts as malcic acid, which at once ezplaina its formation frodi 
malic, or from maleic acid. Its salts are sparingly soluble. The 
fumarate of oxide of ethyle is a heavy oily liquid, of an aromatk 

smell of fruits. When this ether, Fu, Ae O, is acted on by aqoa 
ammoniae, it forms a white insoluble powder, which is fumaramida^ 

G4 H Os -f- ^ H^ • '^^^ ^>^7 ^^ ^^ ^^ charaetera of a oom- 
pound amide. 

6. Tahhic Acid. CisHs 09,3H 0=:Ctt,3H0. 

Stn. Quercitannie Acid, Tannine, — This acid occurs chiefly a 
oak bark and in nut-galls, an excrescence on oak-leaves, caused bj 
the attacks of an insect, which apparently 
pierces the leaf in order to deposit its eggs. 

To obtain it, coarsely-powdered nut-galls 
are acted on, in an apparatus of displace- 
ment by ether, free from alcohol, but satu- 
rated with water. When the ether, after 
bein^ left some time, in contact with the 
powder, is allowed to drop into the lower 
vessel, it separates into two strata of liquid, 
the lower of which is a pure solution of 
tannic acid in water, which is drawn off and 
dried up after being washed with ether. 
The dry mass is redissolved in water, and 
again dried up in vacuo. 

Tannic acid thus obtained is nearly white, 
and not at all crystalline. It is very soluble 
m water and has a most astringent taste without bitterness. It m 
soluble in weak alcohol, but hardly soluble in ether. The aqua- 
ous solution, if exposed to the air, absorbs oxygen, produces Wk 
equal volume of carbonic acid, and is converted into gallic and 
ellagic acids. The addition of the mineral acids to a solution ot 
tannic acid, causes a precipitate, which is composed of tannic acid 
and the acid employed, (sulphuric, <kc.,) and which is very solo* 
ble in pure water. The precipitate formed by sulphuric aeid in n 
hot solution, dissolves in hot diluted sulphuric acid, and when this 
solution has been boiled a short time, it contains no tannic aoid. 
the whole being converted into s^llic acid. 

Tannic acid combines with animal gelatine, forming an insoluble 
curdy precipitate. A piece of prepared skin, introduced into a 
solution of tannic acid, absorbs the acid, and is converted into 
leather. When heated, tannic acid is converted into raetagallia 
and pyrogallic acids. 

Tannic acid and its salts strike a deep blue, nearly black color 
with persalts of iron ; and it likewise causes a precipitate in thm 
solutions of most of the vegetable bases. 
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R is ft tribasie acid, and the genera] formula for the neutral tan* 

flnntes is Qt, 3 M 0, in the case of protoxides, and 3 Qt, Ms Os, in 
die ease of sesquioxides. These salts, however, have been bat 
BtUe studied.* 

The conversion of tannic acid into gallic acid is not fully under- 
Bfibod. In some circumstances, it appears to depend on the 
absorption of oxyeen ; and in fact, 1 eq. tannic acid, plus 8 eq. 
oxjgen, contains the elements of 2 eq. gallic acid, 4 eq. carbonic 
acid, and 2 eq. water. But when the conversion is produced by 
•olphuric acid, no other substance is formed with the gallic acid, 
eEcept a coloring matter, which appears not to be essential. There 
it tome probability that gallic acid exists ready formed in tanntq 
acid ; and if we subtract 2 eq. anhydrous gallic acid, 2 (Ct Hs 
O4), from 1 ea. of hydrated tannic acid, CisHt Oh, there is left 
C4 H4 O4, which is the composition of hydrated acetic acid ; or, 
tripled, that of dry grape sugar. As tannic acid, or at least the 
powder of nut-galls, if moistened, is said to be susceptible of the 
vinous fermentation, it is not impossible that tannic acid may con- 
tain ffallic acid, plus sugar, if not gallic acid, plus acetic acid. 
Tanmc acid is converted into gallic acid as rapidly by the action 
of an excess of alcali as by that of acid ; but the whole subject 
requires investigation. 

6. Galuc Acid. CtH 03,2 HO =0,2 HO. 

This acid exists in the seeds of man^, and is formed as above 
described by the decomposiiion of tannic acid. It is purified from 
Mloring matter, by combining it with oxide of lead, and decom- 
posing the gallate of lead, suspended in water, by sulphuretted 
nydrogen ; the sulphide of lead acts as a decolorizing agent. 

Pure gallic acid forms beautiful prisms of a silky lustre, and a 
dight yellowish color, of the formula C7 H O3, 2kO +a<l- It 
it sparingly soluble in cold water, requiring 100 parts, but dissolves 
IB 3 parts of boiling water. Solutions of the acid and its salts, 
Mke a black color with persalts and protopersalts of iron. When 
«iq>o^d to the air, the solution of gallic acid absorbs oxygen, and 
becomes dark-colored ; this change is very rapid in the presence 
of alcalies, so that the alcaline gallates, especially if the alcali be 
in excess, are rapidly decomposed, and become nearly black. 

When dissolved in hot oil of vitriol, and precipitated from the 
eold solution by water, gallic acid is obtained in a peculiar form, 

*Tlie tannate of the tetqaiozlde of iron is a deep blacli salt, sol able la 
veier. It Is the basis of common writing ink, which is, according to SulU- 
ikm^ the taano-faUate of iron. By properly boiling a aolution of tannic acid 
sad Ottinine, and wlwn it is clear, adding carefully the moist hydrated perox- 
ide of iron, a doable salt, the ferrO'tannaU of quinine, Is formed. It is a dark 
silt, bat la not so eiegant a preparation as the ferro-citrate and ferro-tartraCs 
0i ^uiniiis. (whiok aaa aader tha haads of tfaeaa Mida.) 8. 
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as Ct Hfl O4 y perhaps Ct H O3 + H 0, in which the crystals haye 
lost 2 eq. of water, 1 basic or by d ratio, the other, water of crya- 
tallization. This peculiar gallic acid is a reddish-brown crystair 
line powder, which might be used in dyeing, as it yields colors oa 
cloth, like those from madder. When heated it forms fine red 
prisms, which call to mind alizarine, the crystalline matter found in 
madder. 

By the action of heat, crystallized gallic acid yields, like tannic 
acid, pyrogallic and metagallic acids. 

The gallates are little known. They are very easily decomposed 

by the action of the air. The acid gallate of ammonia is G» N 
H4 O + G» 2 H 0. Acid gallate of lead has a similar compoaitioa. 
There is a bibasio gallate of lead, G, 2 Pb O. 

The recent investi^tions of Biichner, Junior, have shown that 
both the tannates and gallates are, in some respects anomalouB, 
and require farther study. 

When tannic, or gallic acid is heated by a sharp fire, carbonic 
acid, water and pyrogallic acid distil over, while a dark solid 
remains in the retort, which is metagallic acid. 

Pyrogallic acid, Ca H ? C« H3 O3 ? or Ct H4 Oi ? forma 
shining scales of a bitter and astringent taste ; fusible at 240^, 
Tolatile at 410^. It is converted, bv a stronger heat, into meta- 
gallic acid. It is formed from gallic acid, Ct Ha Os, by the lota 
of 1 eq. carbonic acid. If acid at all, it is a very feeble acid, and 
nothing is known of its salts. 

Metagallic acid, CiiHs O3, H O ? Co Hs Oa ? is produced aa, 
above mentioned, from tannic, gallic, and pyrogallic acids. It is a 
black powder, insoluble in water, soluble in alcalies. Of its saltf 
little is known. It differs from gallic acid, only by the elementa 
of carbonic acid : 2 (Ct Hi O4) = 2 COa + CnH4 O4. From 
pyrogallic acid it only differs by the elements of water. 

Tannic acid contains the elements of gallic and pyrogallic aotda. 
3 (Ci8 Ha O12) = 6 (Cs Ha Of ) + 2 (Cc H3 Oa); and since either 
gallic or pyrogallic acid may produce metagallic acid, it is obvioiia 
tiiat there is a close connection among these four compounds. The 
precise nature of this connection future experiments must ascertain* 

When an infusion of nut-galls has been so lonff exposed to tha 
air, that all tannic acid has disappeared, the gallic acid is found 
mixed with an insoluble, or sparingly soluble powder, which is a 
new iicid, ellagic acid. Its composition is Ct Ha Os, and when 
dried at 240°, Ct Ha O4 ; so that it is isomeric with gallic acid, 
and with the modified acid produced by the action of oil of vitriol* 
It has not been much studied, and we do not know its actual 
atomic weight. When heated, it yields greenish yellow vapors^ 
which condense into crystals of the same color, insoluble in water^ 
alcohol, or ether, soiubla in sulphuric acid and in alcalies. 
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. This acid is said to oocur in the root of tormentiUa vulgaris ; and 
18 also the chief constituent of bezoar stones, which are a species 
of animal concretion. According to Mercklein and Wiihler, the 
acid of bezoar stones is Cm Ha O7 HO ; which is equal to twice 
the formula of ellagic acid, minus 1 eq. of hydrogen, for 2(0$ 
Ht O4) := Cu H4 Os. The aeids» according to Mercklein and 
Wuhler, are identical, and their formula, Cufis 07,H0» Cu 
Ha Os, is probably correct. 

Tannic acid and tha substances derived from it, occur in a good 
many plants, besides those of the genus quercus ; the infusions of 
all of which are recognized by their striking a bluish-black with 
persalts of iron. But the astringent taste and the property of 
tanning, or combining with animal gelatine, are found in many 
plants, such as cinchona, kino, catechu, pinus, <&c. These are dis* 
tioguished by giving, with persalts of iron, either a dark green or a 

fray color. It has not been proved that they contain tannic acid, 
ot Geiger has shown that these different colors may occur even 
when the same tanning principle is present, and that the green is 
owing at all events freouently, to the presence of free acid, while 
Ibe addition of chalk, m some cases, changes the green to the 
ebaracteristic bluish -black, due to tannic acid. There are, how- 
eter, some reasons for admitting more than one tanning, or 
astringent principle. The whole subject requires investigation. 

Catechu. Mimotannic Acid. 

When catechu, the dried extract of mimosa catechu, is acted on 
l^cold water, it yields a soluble matter very similar to tannic acid, 
tf not identical with it when pure. It is, however, contaminated 
by some compound which causes it to redden when exposed 
to air. It does not appear to yield the same products when 
heated that tannic acid does ; but this is uncertam, and may be 
cansed by the presence of impurities. Berzelius proposes to call 
thu tannic acid, mimotannic acid, from mimosa, to distinguish it 
from the tannic acid of galls, which he calls quercitannic acid, 
from quercus. 

The portion of catechu insoluble in cold water, contains a pecu- 
liar compound, called catechine or tanningenic acid. It is soluble 
fa hot water, and when pure forms a white silky crystalline powder 
which is said to be composed of CisHa Oa. When heated it is 
said to be transformed into (mimo ?) tannic acid. By the action 
of caustic potash it yields a black acid, japonic acid, CisHi O4, 
HO? Carbonate of potash converts it into a red acid, rubinic 
acid, CisHe O4 ( ? ) in the anhydrous state. The hydrated acid 
is said to have the same composition as japonic acid, possibly, 
therefore, CisHaOe? But as the japonic acid, on the same 
anthority, Svanberg, in combining with silver, forms a salt Cm If • 
Or Ag 0» in which 2 eq. of the acid have lost 2 eq. of water, and 
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gained only 1 eq. oxide of silver, it is erident that our knowledgt 
of these compounds is very imperfect 

7. Mecokic Acid. Cu H On, 3 H O = Me, 3 H O. 

A tribasic acid, found only in opium, the dried juice of ptxpawef 
tomni/erum. To prepare it, the crude meconate of lime, obtained 
in the manufacture of muriate of morphia, is mixed with twen^ 
parts of boiling water, and three parts of strong hydrochlorte 
acid added to the mixture, which must be removed from the fire, 
and not boiled after the acid has been added. On cooling, acid 
meconate of lime is deposited in shining crystals, which are col- 
lected on a cloth filter, squeezed, and treated a second time with 
the same quantities of acid and hot water. The strained acid 
liquid contains a large, but variable proportion of sulphate of lima 
always present, sometimes even to the extent of ^ or |, in the 
crude meconate of lime. Hence the advantage of using so much 
hydrochloric acid, which also renders the meconic acid less sola- 
ble. This time, the crystals are meconic acid, still much colored; 
They are collected and squeezed as before, and to make sure that 
all lime is removed, a third time dissolved in 20 parts of hot water 
and 2 of hydrochloric acid. The addition of the acid not on]j 
removes the last traces of lime, but causes the meconic acid to 
crystallize almost entirely out of the liquid, it being nearly insolu- 
ble in diluted acid. The crystals washed with a little cold water, 
and dried at the ordinary temperature, are now pure from every 
thin^ but coloring matter, and when heated to redness, letfve no 
residue. 

To get rid of the color, the crystals are now mixed with warift 
water, *and caustic potash gradually added, so as nearly but not 
quite to neutralize the acid. As soon as the point of neutraliza- 
tion is reached, the reddish color changes to green, and so much 
potash must be added that any farther quantity would produce 
the green color. The whole is then heated in the water- 
bath, till all is dissolved, hot water being added, if necessary* 
(Were the potash now in excess, the whole acid would be decom* 
posed into oxalic and carbonic acids.) On cooling, the meconate 

i 2 K O 

of potash, ^<^ { ij Q crystallises, forming a semi-solid maei^ 

which is to be squeezed out. The color is carried off, for the molt 
part, in the mother liquor, which is very dark, and the squeezed 
salt, after a second, or if necessary, a third, solution in hot water, 
crystallization, and squeezing, is snow-white. This purified meco- 
nate of potash is then acted on by pure hydrochloric acid, exactly at 
recommended for the meconate of lime, and after the third opera- 
tion, yields perfectly pure and white meconic acid in beautiful 
silvery scales, which, to reinove any traces of the acid mother 
fiquid, adhering to them, 9iay be once more dissolved in tb4 
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MMllesi possible quantity of hot water, avoiding a heat of 212®, 
wkieh decomposes the acid ; the pure acid is deposited on cooling, 

Miie,3H0+ 6aq. 

Ifeconic acid, when gently heated, loses 6 eq. of water of crys- 
tiUisation. It is soluble in water and in alcohol. When boiled, 
ito solution becomes colored, producing comenic acid, carbonic 
Mid, and a dark brown coloring matter. If boiled with hydro- 
ekloric acid, it is resolved into comenic acid and carbonic acid, 
without the production of coloring matter. When the dr}' acid is 
heated to 250®, the same change takes place. When heated with 
excess of aqua potassae, meconic acid is entirely decomposed into 
oxalic acid, carbonic acid, and a dark coloring mutter. Its distin- 

Giishing character is that of causing, in persults of iron, a dt^ep 
ood-red color, but no precipitate. 
It forms three series of salts, like other tribasic acids. Thus, 

)K 
2 IT O • 

( 2 K 

t* Neutral, above mentioned, ^^ 1 u q a^- ^^^^ ^^ these crys- 

taDixe. 3. Tribasic Me, 3 K 0. This is yellow, and does notrrys- . 
taUixe. There are also three meconates of soda ; two of lime, 

add and neutral or bibasic ; and two of silver, bibasic. Me, 2 Ag 

Of HO, and tribasic, Me, 3AgO. The meconate of peroxide 
ef iron is very soluble, of an intense blood-red color, but as it 
eannot be obtained pure or crystallized, its composition is still 
v&known. 

8. CoMEXic Acid. Oh Ha 08,2 H O =r Co, 2 H O. 

The acid is formed, as above described, from meconic acid, by 
the action of heat, or of heat and an acid combined. 1 eq. dried 
meconic acid, Cu H On + 3 H = Cm H4 Ou, yields 1 eq. comenic 
acid, Cia Hi Oi, 2 H 0, and 2 eq. carbonic acid, 2 C O 2. The 
acid is readily obtained by boiling meconate of lime with an excess 
of diluti^d hydrochloric acid. It is deposited, on cooling, in 
colored crystals, which may be decolorized by recrystallization 
with the aid of animal charcoal. The pure acid has a slight 
Tcllow tinij;e, and is very sparingly soluble in cold water. When 
heated, it is resolved into carbonic acid, pyroroeconic acid, and a 
xmall quantity of a third substance, paracomenic acid, which, in 
acme few points, differs from comenic acid, but has the same com- 
poaition, and in many points is so similar that it may possibly turn 
QUI to be essentially the same. 

Gbmenic acid forms two series of salts, with 1 and 2 eq. of 
fixed base respectively. With persalts of iron it forms a deep 
ved aolution, which deposits black crystals of unknown corapo- 
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Prromeconic acid, C10H3 O5, HO, is obtained as a orjstalliiia 

sublimate by heating meconic or comenic acids. In fact, 1 ef. 
comeuic acid, Cis H4 Oio, contains the elements of 1 eq. pyrome- 
conic acid, C10H4 Oe, and 2 eq. carbonic acid, 2 COa. It foriiis 
very soluble four-sided prisms, rather styptic to the taste ; tlie 
solution of which, forms, with persalts of iron, a crystalline salt 
of a fine red color, the powder of which is like vermilion. This 
salt is Fea O3 -|- 3 C10H3 Os . Pyromeconic acid is so feeble aa 
acid, that we can hardly class it with acids. It has more analogy 
with such bodies as acetone, derived from acetic acid, as pyrome- 
conic acid is from meconic or comenic acid. It has the same com- 
position as pyromucic acid. 

9. KiNic Acm. Ct H« O4 , a H O ? or Cu Hn On, HO? 

This very remarkable acid occurs in cinchona bark. It b 
obtained in the manufacture of sulphate of quinine, in the form of 
kinate of lime, from which the lime is easily separated by means 
of oxalic acid. The liquid filtered from the oxalate of lime yields, 
on evaporation, the kinic acid in crystals. The lime may also \}% 
removed by sulphuric acid, and any adhering sulphate of lime 
separated by alcohol. 

The salts of kinic acid are somewhat anomalous. Thus there is 
a salt of lead, Ct H4 O4 3Pb 0, and a salt of copper, 0? H4 O4, 
Cu 0, H O, while the crystals of kinic acid are Ct Ht Of . All 
this would lead to the conclusion that the acid was a bibasic one* 
Ct H4 O4, 2 HO. But the kinate of lime and the kinate of 
silver, both quite neutral salts, are CuHnOn, CaO, and CmHii 
On, Ag O, as if the acid were monobasic, C14H11 On, H O ^ Ok 
Hii O18. If we assume the acid to be quadri basic, we can then 
bring all the above salts into one series. 

Thus : Kinic acid would be Cu H a O a , 4 H O 
Kinate of lead, CuHi Ot, 4 Pb O 

Kinate of copper, Cu Hi Os, \l ^^^ 

( PiiO + l^^l- 
Kinate of lime, Cu He Os, l^ ^^ 

Kinate of silver, Cu Ha Ot, | 3 ^^^ 

But the objection to this view is, that, if this be the trae constita- 
tion of the acid, the salts of lime and silver ought to be very acid» 
instead of being quite neutral. 

PRODUCTS OF THE DECOMPOSITION OF KINIC ACHD. 

When kinic acid or kinate of lime is distilled with diluted sid* 
phuric acid and peroxide of manganese, there is obtained a new 
compound called kinone, as a sublimate of fine golden yellow crys* 
tals, soluble in water, and very volatile, having a pungent smell hi 
the state of vapor. Their composition is C^ Hi Oi . When adid 
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on by reducing agents, it takes up 2 and 4 eq. of hydrogen, form- 
jing two new cooapounds, green and white hydrokinune. The 
green hydrokinone, CisHioOi, is one of the most beautiful com- 
pounds known to chemists, forming long prisms, of the most bril- 
liant, gold-green metallic lustre, surpassing those of murexide in 
beauty. It is best formed by adding a few drops of sulphurous 
acid to a solution of kinone. When an excess of sulphurous acid is 
used, the white hydrokinone, CisHizOi, is formed, which crystal- 
Uses in six-sided prisms. When acted on by oxidizing agents, the 
solution of white hydrokinone becomes dark red, nearly black, and 
almost immediately deposits the splendid crystals of the green 
compound. The latter is also formed, by simply mixing solutions 
of kinone and white hydrokinone, being intermediate between 
those bodies. Wohler, to whom we are indebted for most of our 
knowledge, in regard to these very curious compounds, has 
descHbed a series of bodies obtained from the above by the action 
of bydrochloric acid, cldorine, and sulphuretted hydrogen. The 
following tabular view, contains the names and composition of 
these substances, as far as we yet know them. 

Kinone, Cm 

Green hydrokinone, . . . . Cis 
White hydrokinone, .... Cos 

Chlorohydrokinone . . . . C23 

Chlorokinone, Cis 

Brown sulphohydrokinone, C2-> 

Yellow ditto Cis 

Brown chlorosulphokinone, Ca 

Orange ditto Cis 

It will be observed that in all these formulae the carbon remains 
■naltered, and that several are instances of pure substitution, as 

Ok Hi Of, compared with Ca \ ^^ Os, and ds His Os, com- 
pared with C25 ] ni"* O*- We can also see the relation of the 
sulphohydrokinones to kinone if we express them as follows : C» 
Ht |g' +5HS; andCtsHt | g'+4HS. 

We come now to a class of acids of very distinct and peculiar 
characters ; those, namely, which occur as the chief constituents 
of fat oils and fats, vegetable or animal. Of these oily acids there 
tare two kinds: 1, those which arc volatile and usually somewhat 
soluble in water ; 2, those which have more the character of the 
Oils and fats from which they are derived, and can seldom be dis- 
tUled without decomposition. We shall begin with the volatils 
iOy aoids. 
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10. BuTTRic AciB. C«Hv09,H0. 

This acid exists in small proportion in butter, in tbe form of a 
neutral butyrate of glycerine, or butyrine, to which the buttor 
t>wes its peculiar and agreeable flavor. When butter is saponified 
by potash, and the solution of the soap is decomposed by tartarie 
acia, the oleic and margaric acids are separated as an oily stratum, 
while three or four volatile acids are dissolved in the water 
These are butyric, caproie, capric, and caprylic acids. The 
butyric acid may be extracted from the mixture ; but it is fiur 
better obtained by the fermentation of sugar. When sugar, either 
cane, grape, or milk sugar, is mixed with cheese, water, and 
chalk, and kept in a warm place, lactic acid is at first formed, 
which combines with the lime. But if the fermentation be con- 
tinued at a pretty high temperature, 90° to 100° for example, th« 
lactate of lime disappears, and is at last replaced by butyrate of 
lime, as explained under the head of butyric fermentation. Thu 
salt is now distilled with diluted hydrochloric acid, and the dis- 
tilled liquid treated with chloride or calcium, when it divides into 
two strata. The lighter is butyric acid, still containing water. It 
is rectified until the boiling point rises to 318°. The previous 
portions contain water ; what now passes is pure. 

Bensch recommends to convert the butyrate of lime, by the 
addition of carbonate of soda, into butyrate of soda, and to mix 
the solution of this salt with sulphuric acid diluted with an equal 
weight of water, when the greater part of the crude butyric acid 
rises to the surface, and may be removed by a pipette. The acid 
solution of sulphate of soda, being distilled, yields an additional 
quantity of diluted butyric acid, which is saturated with soda, and 
the salt decomposed by sulphuric acid, which yields a second 
portion of crude butyric acid. The whole of the crude acid is 
now purified by rectification. 

It IS a clear, colorless, mobile liquid, of an odor resembling thsl 
of acetic acid and that of butter. An intense cold solidifies it. 1% 
is very acid and corrosive. Its 8p. G. is 0-963. It dissolves fats 
and fat oils. 

Chlorine decomposes butyric acid, producing by substitutioik 

two acids, Cs j ^j*^ O3, H ; and Cs | ^'^ Oa, HO. The lat- 
ter crystallizes ; and both form volatile fragrant compounds with 
oxide of ethyle. 

Butyrate of lime is remarkable as being very soluble in cold 
water, but separating from the liquid in transparent prisms when 
it is boiled. Butyrate of baryta, when placed on the surface of 
water, exhibits the same motions as camphor. Butyrate of oxida 
of ethyle or butyric ether, Ae 0, Cs H? O3, is formed with siii* 
gular facility bv the mere mixture of alcohol and butyric acid with 
water and sulphuric acid. It rises to the surfieM^e as a very mobib 
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Ifvid, of an odor somewhat similar to that of pine-apples. It is 
ymrj soluble in alcohoL This ether is employed to flavor spirits : 
•fed there is reason to believe that the peculiar flavor of rum 
dtpends on the presence of a little butyric ether, fiutyrate of 
onde of methyle is quite analogous. Butyrate of oxide of glycerylo 
or batyrine exists in butter* and is supposed to be capable of being 
formed artifically, by warming a mixture of butyric, glycerine, 
asd sulphuric acid. If the oil thus formed is realjy butyrine, it 
will be the first example of a compound of glycerine formed or 
itBToduced artifically. 

Butyramide* Ci H? O2 +NH9, is formed when liquid ammo- 
ab acts on butyric ether : Ae O, Ci H? O3 + NHa = Ae 0, 
HO 4- Oi Ht Os, NHa. It crystallizes in pearly scales. 

Butyrone, Ct Ht O, analogous to acetone, is formed along with 
ottrbonate of lime, when butyrate of lime is distilled. Ci Ht Os» 
OaO= C7 H7 + Ca O, COi. By the action of nitric acid, 
bmtyrone is converted into two new compounds ; one, an ethereal 
fragrant liquid, lighter than water, the composition of which is 
not yet known : the other, an oily liquid, heavier than water, of 
as aromatic smell and a sweet taste, which is an acid, nitrobutyric 
or butyronitric acid. It is formed by substitution of N O4 for H ; 

Ci j ^ Q O, 2 H from Ct Ht 0. It forms crystallizable salts, 

tad is bibasic, yielding two salts with oxide of silver, with 1 and 2 
oq. of that oxide respectively. 

By distillation witn perchloride of phosphorus, butyrone is con- 
Terted into an ethereal liquid, chlorobutyrene, the composition of 
which is Cu His CI. 

The caproic, capric and caprylic acids found in butter, are 
tery analogous to butyric acid, but are not yet so well known. 
Caproic acid is C12 Hn O3, HO. Its odor is like that of sweat. 
Caproate of oxide of ethyle has an odor somewhat analogous to 
Ihaftof butter. Capric acid is do H19 O3 , H O. It is very analogous 
to the preceding, but its odor is more like that of the goat. Capry- 
Sc acid is Cis His O3, H 0, and it is very analogous to the others. 

Ift occasionally happens that butter, instead of yielding a mixture 
of volatile oily acids, of which butyric and caproic acid constitute 
Ike principal part, gives a mixture devoid of tliese acids, but con- 
luning in their place another acid, vaccinic acid, which is easily 
tiansformed into the other two. There can be no doubt that it 
•ontains the elements of butyric and caproic acids, Ci Ht O3, H O 
+ Cu Hii O3, H O =r Co H20 Os, or possibly C* Hi» Ot = CaoHit 
Ot, H 0. In the latter case, it would require 1 eq. of water to 
jield the other acids. As, however, the solution remains neutral 
when vaccinic acid pa.<t8es into caproic and butync acids, it is most 
ytobably bibasic, CsoHu O0, 2 H O, and is, in fact, the sum of the 
other two. The cause of its occurrence is unknown. 
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(Enanthylic acid, Ct4 Hn O3, HO, is formed by the action of 
nitric acid on castor oil, and has lately been detected by Redtea* 
bacher among the products of the acUon of nitric acid on oleic acid, 
along with acetic, metacetonic, butyric, valerianic, caprotc, caprj^ 
lie, pelargonic and capric acids, all belonginc; to the series repre- 
sented as hydrates by (CH) n + O4, of which a table has been 
given at p. 269. 

This acid, in composition, as well as in properties, is ezactlj 
intermediate between caproic and caprylic acids. 

(Enanthole. — Accordmg to Bussy, when castor cmI is distilledy 
there is formed a neutral oil, which he calls oenanthole, the 
formula of which is Cm His 0, H 0, and which bears to oenanthy* 
lie acid the same relation as aldehyde to acetic acid. It may alio 
be viewed, doubling its formula, as a compound of oenanthylie 
acid with the oxide CuHuO, (analogous to oxide of ethyle), and 
in this view it corresponds to acetic ether, which is polymerio 
with aldehyde ; thus, 2 Cu Hw O, H O = Cu His O + Cm His O9. 
Cetine (spermaceti) is an analogous compound, being either, M 
formerly explained, cetylate of oxide of «etyle, Cw Hss O + OaHii 
O3, or CsiIisiO, HO, analogous to aldehyde. In the cases of 
oenanthole and cetine, as only one compound is known, we cannol 
with certainty say whether the known compound corresponds to 
aldehyde or to acetic ether ; but it is highly probable that in the 
case of all the acids of the series (C H) n -V O4, both the ccnii* 
pound analogous to aldehyde, and that analogous to acetic ether» 
are capable of existing. The following comparison will show the 
analogy : 

AcidB. Aldehydes. Xthen. 

Acetic, C« Hs Os, H O ; C4 Hs O, H O ; C4 H« O, C* Hs Ot ; 

CEnanthylic,Ci4Hi8 0s,HO; CuHi8 0,H01 Ci4H«5 0,CMHnOt I 

(BnuiUiole. 

CetyUc C32 Hsi Os, H O ; Ca Hsi O, H 1 Csi Hss O, Cst Hsi Ot f 

^ V -^ 

Cetiae. 

It will be observed, that the compounds in the second and third 
columns are, in each case, polymeric. 

Pelargonic acid, Cis Hi? Oa HO. This acid, which belongs to 
the series above mentioned, and stands between caprylic and 
capric acids, is said to occur in the juice of pelargonium rottym, 
and was found, by Redtenbacher, among the products of the 
oxidation of oleic acid by nitric acid. It is little known. 

Hircic acid is probably a mixture of capric and caprylic acids. 
Phocenic acid, found in small quantity in the oil of the dolphin, 
d^c, has been found to be identical with valerianic acid. 

Cevadic acid is a crystalline volatile acid, obtained from tbe 
seeds of verairwn tabadUla : composition unknown. 
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Varatric acid is contain 3d in the same seeds. It is solid, crys- 
UOisable, and volatile. Ita formula is CiiHt O7, H O. It forms 
1^ crystalline ether with oxide of ethyle ; Ae O, Cn Ho O7. 

Grotonic acid is another solid volatile acid, found in the seeds of 
erUon tiglium. It has a pungent, acrid taste, and a nauseous 
mell. It forms crystallizable salts. 

11. Camphoric Acid. CioHt Os,HO = Ca,HO. 

This acid is formed by the action of nitric acid on camphor. It 
forms crystalline scales, sparingly soluble in cold water, very solu* 
Ue in alcohol and ether, fusible at 168°. These are the hydrated 
•eid, which, if distilled, is resolved into water and anhydrous 
camphoric acid. The camphorates are not peculiarly interesting. 
With oxide of ethyle, camphoric acid forms two compounds : 1 . 

Neutral, or camphoric ether, Ca, Ae 0, an oily liquid, of a bitter 

taste and nauseous smell. 2. Acid, 2 Ca, Ae 0, H 0, also called 



phovinic acid, as it forms double salts, 2 Ca, Ae 0, M O. 
When chlorine acts on camphoric ether, Ca, C4 H5 0, it gives 



the to the compound Ca, C4 j q? 0. 



Anhydrous camphoric acid, C10H7 Os, forms, with bases, salts 
different from those formed by the hydrated acid. It is probable 
ikat it still retains some water rephiccable by bases, being per- 
liM>8 CioHe Oa,HO ; or it may differ from ordinary camphoric 
ac&d as metaphosphoric acid does from common phosphoric acid* 
It is solid, crystalline, and volatile, and with dry ammonia forms a 
compound from which potash disengages no ammonia : with 
liquid ammonia it yields a salt different from camphorate of 
ammonia. Its action on oxide of ethyle has not been studied ; but 
liie subject deserves investigation. 

By the action of sulphuric acid on anhydrous camphoric acid, 
there is formed, with disengagement of carbonic oxide, a new acid, 
•ulphocamphoric acid (Cs H7 Ost S Oa ) H O + 2 aq. This acid 
IS crystallizable, and forms crystallizable salts of the formula (C9 
Ht 63, S Oi ) M O = C» H7 S O5, M 0. 

CAMPHOR. 

There are two kinds of camphor : that of Japan, or common 
camphor, CioHi ; and that ot Borneo, Cm Ho 0, or CaoHnOa. 
The properties of common camphor, and its peculiar smell, are 
well known. Its Sp. G. is 985 to 0*996 ; it is very volatile, 
cvaporaling at ordinary temperatures. Small fragments of cam- 
phor, on the surface of water, evaporate more rapidly, with rotatory 
movements. It dissolves in alcohol, and is precipitated by water. 
Wlien distilled with anhydrous phosphoric acid, it yields a carbo- 
fcjdrogen, called camphogen, C« Hm. 
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When camphor is passed in yapor over a heated mixture of 
hydrates of potash and lime, it yields a new acid, campholic add. 
Cm Hit Oa, It O. Nitric acid, with the aid of heat, converts cam* 
phor into camphoric acid. The essence or oil of camphor of 
commerce is C20 Hie = 2 eq. camphor minus 1 eq. oxygen. 

Borneo camphor occurs in small crystalline fragments. Itt 
odor is different from that of common camphor. I find that, if 
wrapped in paper, a distinctly alliaceous odor traverses the 
paper, and may thus be detected. Heated with phosphoric acid. 
It yields a carbo-hydrogen, C20H16 ; and this is also tne coropoai- 
tion of the essence which accompanies Borneo camphor. Thk 
essence is, therefore, Borneo camphor, CzoHisOa, minus 2 eq. 
water. 

Common camphor is produced by the laurus campkora ; Boniao 
eamphor is the produce of dryobalanops camphor<i^ and is, for soint 
unknown reason, so highly prized by the Japanese, that it is not 
found in the markets of Europe. 

Camphooren, C20 Hn, is the name mven to the carbo-hydrogea 
obtained wnen common camphor is distilled with dry phosphorie 
acid. It occurs naturally in the oil of cumin. When acted on 
by sulphuric acid, it forms a new acid, sulphocamphic or hyposal- 
phocamphic acid, CaoHuSa Os, H O. 

When camphor is passed over red-hot lime, another new com- 
pound is formed, namely, camphrone, CsoHii = 3 (CioHi O) 
— Ha + Oa. At a white heat camphor yields naphthalim*, car- 
buretted hydrogen, and carbonic oxide. 4 eq. camphor contain 
the elements (CMHsiOi) of 1 eq. naphthaline, CnHs ; olefiant 
gas, 2 C4 H4 ; marsh gas, 8 CH, and carbonic oxide, 4 CO. 

12. Valeeiahic Acid. CioH» Os,H = Va,HO. 

This acid has already been mentioned as produced froa 
hydrated oxide of amyle. It also occurs in the root of valerian. 

It forms two hydrates, Va, H 0, and Va, H + 2 aq. 

The general formula of the valerates is Va, M O. Valerate of 

oxide of ethyle, Va, Ae 0, is an oily liquid, of a smell like that 
of fruits and that of valerian at the same time. 

By the action of chlorine, valerianic acid yields two new acids : 

1. Chlorovalerisic acid, Cio •! ^y 03,H0. 2. Chlorovalerosic 

I H ( 

acid, Cio J ^.* O3, HO. Both these compounds are formed by 

substitution without change of type. 

When valerate of lime is distilled, it is said by L'iwig to yield a 
Tolatile oily compound, valerone, Co Hg O = CioHt O3 — COs. 

13. Anisic Acrn. CwHt 05,H0. 

This acid is obtained when the concrete essence of aniseed is 
acted on by nitric acid. It is crystallizable and volatile, and forma 



OUBONIO AOID. 809 

mitM which crystallize readily. When heated with an excess of 
baryta, it yields an oily liqaid, called anisole. 

The prolonged action of nitric acid on the concrete essence of 
anise produces another acid, nitr6-anisic acid, in small yellow 

crystals. Its formula is CieH* N O9, HO = Cie |^04^*'^^' 

It is now found to be identical with nitrodraconic acid. 

Anisole, the product formed when anisic acid is heated with 
bttyta, is composed of CmH? O2 = CieHe Os,HO — 2 C Oa. 
It 18 formed, also, when the salicylate of oxide of methyle is 
heated with baryta. By the action of bromine, anisole gives rise 
to two new products, m which 1 and 2 eq. of hydrogen are 

respectively replaced by bromme ; Cu -j g ' O2, and Cu -j g* 

Of. The latter is crystalline. Nitric acid acts violently on 
anisole, forming a crystalline mass, which dissolves in alcohol, 
with a rich green color, but is deposited in colorless needles, cor- 
fesponding to one of the bromine compounds. Fuming sulphuric 
aeid dissolves anisole, producing two compounds ; one, insoluble 
in water, analogous to sulphobenzine : the other, soluble, an acid 
■naloffous to sulphoviuic acid : 2 S O3 + Clu H7 Oa, H 0. 

Anisole, CuHTOa, contains 1 eq. of hydrogen more than 
hyduret of benzoyle, CuHs Oa, H. 

14. (Enanthic Acid. Cm His Oa, H O. 

This acid, in combination with oxide of ethyle, forming oenanthio 
ether, is found in wine, in the oil of grain spirit, and in some other 
fermented liquors. It is, as oenanthic ether, the cause of that pecu- 
liar odor of wine which adheres so remarkably to vessels in which 
wine has been kept, and enables us at once to say that an empty 
bottle or cask has contained wine. To obtain the acid, the ether 
18 decomposed by caustic potash, and the oenanthate of potash dis* 
tilled with dilute sulphuric acid. The hydrated acid is semisolid 
lake butter, and is, in fact, a fat oil, insoluble in water, soluble in 
alcohol and ether. 

Of its salts, the oenanthate of oxide of ethyle, oenanthic ether, is 
best known. It is a colorless liquid, of a peculiar vinous smell, 
which, when strong, has a stupifying effect. When hydrated oenan- 
thic acid is distilled, it yields water, and anhydrous acid, more 
idlid than the hydrate. 

15. RoccELLic Acid. Cit His O3 » H O 1 

This acid occurs in rocella tinctoria. It is crystallizable, insolu- 
ble in water, soluble in alcohol and ether. It has most of the pro- 
perties of a fat acid, and its salts with the alcalies resemble soaps. 

16. CuMrific Acid. CwHh Oa, H O. 

This acid is formed from the essential oil of cumin by oxidation 
with hydrated alcalies. It forms tabular crystals of singobur 

14 
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beautj. It is fnsible and volatile, insoluble in cold water, soluble 
in alcohol and ether. When heated with caustic baryta, it yields 
a carbo-hydro^en, analagous to benzole, which is called cumene. 

It forms well-defined salts with bases. Caminate of oxide of 
ethyle, formed by passing hydrochloric acid gas through a solution 
of cuminic acid in alcohol, is an ethereal liquid, of a fragrant smell 
like that of apples. 

Cumene, obtained by heating cuminic acid with bartya, is a 
colorless liquid, of a sweet smell. It is formed from cuminic addy 
C» Hi« O4, by the loss of 2 eq. carbonic acid, exactly as benzole 
is formed from benzoic acid ; and its formula is consequently Ca 
H12. Both nitric and sulphuric acid act on it and form new com- 
pounds, not yet fully examined. That formed by sulphuric acid is 
an acid, sulphocummic acid, Cis Hn, Sa Os -{~ ^ ^' 

Essence of cumin (ctiminum ct^inum) contains two oils : 1. 
Cuminole, C» His O2 , which is the true oil of cumin, analogous to 
hyduret of benzoyle ; 2. Cymene, Cw Hn, isomeric with campho- 
gen. It is an oil of an agreeable odor of lemons. The oil is acted 
on by nitric and sulphuric acids, which produce two new acids. 
That formed with sulphuric acid is C» Hu, -^Sa Oi , H 0. 

Cuminole, C20 His Oa , may be viewed as analogous to hydurel 
of benzoyle, in which case it becomes Csd Hn Oa + H, the hyduret 
of a new radical, cumyle. Cuminic acid then becomes CkHh Oa» 
+ H 0, analogous to benzoic acid. Chlorine acts on hyduret 
of cumyle, producing a compound, Cao Hn Oa, CI, which is chloride 
of cumyle. Adopting the symbol Cm = CaoHn Oa, we have Cm 
H, Cm + H 0, and Cm CI, analogous to Bz H, Bz + H O, 
and Bz CI. 

17. EuGEiric Acid. Cio His 0« ? or Cso Hts Os 1 

This acid is found in cloves, along with a neutral oil, CioHi, or 
Cso H16. The latter is separated by potash, and the eugenic acid 
obtained by distilling the salt of potash with dilute sulphuric acid. 
It is an oily liquid, of Sp. G. 1 *079, having the strongest odor of 
cloves. It forms crystallizable salts with bases, and among them 
an acid salt of potash, 2 Cso His O4 + K + H ? 

Cloves, likewbe, contain two crystallizable compounds : 1. Ca- 
ryophylline, which forms yellow prisms ; of the formula Cm Hm 
Oa, an oxide, therefore, of the neutral oil of cloves. 2. Eugenine, 
which forms yellow pearly scales, the composition of which is the 
same as that of eugenic acid. 

18. CociNic Acio. CssHssOsfHO. 

This acid, the first of the proper fat acids which we hare come 
to, is found in the butter of the cocoa-nut combined with glycerine. 
The butter b saponified by potash, and the soap produced is 
decomposed by a mineral acid, when the iatty acid rises to the 
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•arfiure. It b purified by being again saponified, and finally by 
erystallization in alcohol. It forms snow-white crystalline scales, 
fusible at 95°, and volatile. The salts of this acid with the alcalies 
are soaps like those of all fatty acids. Cocinate of oxide cf etnyle 
is a colorless ether, with a very fra^ant smell of apples. Codoic 
acid belongs to the series (C H) n4~ O4. 

19. Mtkistic Acid. Cim Hti Oa , H O. 

This acid, which also belongs to the series (CH)n -^04, b. 
found combined with glycerine, as a fat or butter; in tot benie^ 
of mynstica mosckata or nutmeg. There are two facs in the seeds, 
one red and unctuous, the other, myristine, white, and crystalline. 
It is easily purified by dissolving it in hot alcohol, in which it is, 
like the cocinate of glycerine, very soluble. On cooling, the pure 
myristine or mynstate of glycerine is deposited as silky needles, 
wnicb being saponified by potash, and the soap decomposed by an 
i|cid, yield myristic acid. The acid is purified by m^ans of alcohol. 
It melts at 118^, and is decomposed by distillation. 

The salts of this acid with the alcalies are soaps, very soluble 
in alcohol ; and their aqueous solutions do not become viscid ot 
ropy when concentrated. Myristate of oxide of eihyle is a color- 
less oil. Myristate of oxide of glyceryle or myristine is purified 
as above described. It is a beautifully crystalline fat, melting at 
88®. It is saponified with difficulty, and only by fusion with solid 
potash. It does not appear to contain ordinary glycerine : at least 
Its formula would indicate a glycerine composed of Cs Ha 0. 
This point is at present very obscure. 

The formula of hyd rated oenanthic acid, doubled, or On Hss Of, 
contains 2 eq. of oxy^n more than 1 eq. of hydrated myristic 
acid, 028Hsi04 ; or the formula of dry oenanthic acid doubled, 
GkHm04, contains 1 eq. of hydrogen less and 1 eq. of oxygen 
more than dry myristic acid, Cm H27 O3. 

20. Palmitic Acid. CaBH«Oa,HO. 

This is the principal fat acid of palm oil. It is extracted by tie 
usual process for fatty acids, and purified from oleic acid by crys- 
tallization in alcohol. It forms brilliant scales, similar to margarie 
acid, and melting at the same point, 140®, as that acid. It may 
be distilled in great part unchanged. Chlorine decomposes it, 
giving rise to new compounds. 

The salts of this acid with the alcalies are soaps, and palm oil 
is much used in soap-making. Palmitate of glycerine, or pal- 
mitine, is the fat or butter of the palm oil, purified from the oleine 
or liquid part, by pressure, and then by crystallization in ether. 
It melts at 118®, and on cooling assumes the aspect of wax. 
Like myristine, it appears to contain the modified glycerine 
Os Ha 0, or oxide of lipyle, which is CoHtOs — 3H0; 
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that 18, glreerine, mtnus 3 eq. of water, and divided br f . 
Pure palmitine (as also pure myristine), when distilled, yidds 
•oroleme, derivea from the glycerine ; hut no sehacic acids. The 
fsrnde palm oil, or impure palmitine, however, yield ahundance of 
•ehacie acid, a compound derived from oleic acids, and proving, 
therefore, the presence of oleic acid or rather oleine. 

31. Cettlic Acid. CasHsiOsjHO. 

Stk. Mhalie Acid, ^- This acid, which is isomeric with the pre- 
eedinff, is formed when ethal (hydrated oxide of cetyle) is heated 
with hydrates of lime and potash, or when cetine (spermaceti^ 
eetylate of oxide of cetyle) is fused with potash, and the eetylatc 
of potash decomposed hy a stronger acid. It belongs of course, 
witn the preceding acid, to the scries (CH)n + 04. It it 
separated as usual m the ease of fatiy acids. It is a solid, fusible 
between 130*^ and 140^, and at 131^ solidifying in radiated groups 
of needles. It may be distilled unaltered. Its salts are like those 
of the preceding acids. 

22. Maboaric Acid. C34 H» O3 HO; or, Cas Hee Oe , 3 H O. 

This is one of the most abundant and important of the fattj 
acids. Combined with glycerine, or margarine, it occurs in human 
fat and some other animal fats, and in many vegetable fats, such 
as olive oil. The acid may be extracted from soap made of these 
&ts, but as it is mixed with much oleic acid, it is better to prepare 
it by oxidizing stearic acid (see below) by nitric acid, or by dis- 
tilling either tallow or crude stearic acid. In the latter case, the 
product is well squeezed and purified by solution in alcohol, and 
crystallization. If prepared from pure stearic acid by nitric acid, 
it is pure from the firsL It belongs to the series (C H) n + 04^ 
and It is probably in consequence of its composition, that, like the 
other acids of that series, it is volatile without decomposition. 

Margaric acid is a white solid fat, of distinct acid properties, 
fusible at 140°, very soluble in hot alcohol and in ether. It 
iflitantly combines with bases, decomposing the carbonates and. 
(brming perfect soape with potash and soda. The neutral margar* 
ates of potash and soda are decomposed by the addition of much 
water, depositing the acid margarates in pearly scales. Margarate 
of glycerine, or margarine, is found pure in the solid part of 
human fat or of olive oil. It dissolves in hot alcohol, and crys- 
tallizes on cooling. Margarate of oxide of ethyle is a white fusi- 
ble solid. 

The general formula of the neutral margarates is Om Has Os M 
0, or Ctt H« Oe, 2 M 0. We cannot say with certainty whether 
margaric acid is unibasic, as the first of these formulae would indi- 
•ate, or bibasic, according to the second. We shall return to this 
point after describing stearic acid, and we shall also then describe 
the action of heat on both acids. 
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23. StSarig Acid. C« H« Os , 2 H O = St, 3 H O. 

This IB, perhaps, the most important and most abundant of the fatty 
acids. It exists, in combination with gljcerine, as stearine in beef 
and matton fat, and in several vegetable fats, such as the buttef 
of cacao. To obtain it, mutton suet is sapom6ed by boiling with 
potash, and the purified soap decomposed by an acid, when a mix- 
ture of stearic and oleic acids, the latter in small proportion, rises 
to the surface. It is strongly jpressed between warm plates, so as 
to get rid of the oleic acid m great part, and it is finally purified by 
sdution in hot alcohol, and crystallization, repeated till its melting 
point is constant at 1 67^. Or the stearic acid of commerce, which is 
nearly pure, may be purified by means of alcohol. Or again » 
tallow may be mixed with half its weight of oil of vitriol, and the 
mass melted in hot water, which removes a compound of sulphuric 
acid with glycerine, while the stearic acid rises to the surface, and 
is to be purified as above. Finally, pure stearine, if saponified, 
and the soap acted on by an acid, yields at once pure stearic acid. 

Stearic acid is a white solid, fusible at 167^, and on cooling, 
fiirming brilliant white needles. It may be reduced to powder, 
and is, like all fat acids, insoluble in water, soluble in alcohol and 
ether. It bums like wax, and is used in the formation of improved 
candles. 

By the action of nitric acid and other oxidizing agents, stearic 
acid is at once converted into margaric acid, and it will be seen 
that the addition of 1 eq. oxygen is suflScient to efifect this change, 
GbiH«95, 2 HO + 0». 068 Hes 0«, 2 H O. 

Stearic acid is bibasic, and forms two series of salts ; St 2 M O, 
and St, MO, HO. The neutral stearates of the alcalies are perfect 
aoaps. They dissolve in from 10 to 20 parts of hot water, and the 
addition of a large quantity of water decomposes them into acid 
stearates which are deposited, and basic stearates which remain 
dissolved. For the same reason, a hot solution of a neutral stearate 
becomes gelatinous on cooling, from the separation of the acid sak. 
Acid stearate of oxide of ethyle, St, Ae H O, and neutral stear- 
ate of the same base, St, 2 Ae O, are both white crystalline fusible 
solids ; as is likewise the stearate of oxyde of methyle, Sc, 2 Mt O, 

Stearine, the chief ingredient of suet and tallow, appears to be 
(he acid stearate of oxide of glycerile, but its precise formula can- 
not be determined as long as we are doubtful about that of glyce* 
rine. If glycerine be Ca Ha 0, then stearine will be Ces Hm 0» + 

Ca Hi O + 2 H O — St. Gly 0, 2 H O : but if stearine be C« Ht 
Oi, the formula will be 2 (Cro Hr Oi ^ + Gly + 2 H 0, (usinjg 
the older formula for steanc acid.) Neither of these formulas is 
aatbfactory, as both exhibit three eq. of base and basic water, in- 
stead of two or four. When boiled with alcalies, stearine, like aU 
oUier fiats, is saponified : that is, the stearic acid combines with the 
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alcali, forming soap, and glycerine is separated. . Pure ttearine U 
obtained by pressing tallow oetween hot plates, and afterward dis- 
solving in hot ether» which on cooling deposits the stearine. It b 
like wax when it has been melted, and it may be powdered. 

Stearate of lead is an insoluble fusible soap, or, as it is called, a 
plaster. The same is true of margarate of lead, and in general 
of the compounds of lead with fat acids. 

The composition of stearic acid stands in a very simple relation 
to that of margaric acid. If we call the compound Cm Hn, mar- 
garyle, and view it as a compound radical, representing it by the 
symbol Ml, then Ml Os = stearic acid, and Mia Oe = 2 Ml Oa 
=: margaric acid. These acids, therefore, bear to each other the 
tame relation as that which subsists between sulphuric and hypo- 
sulphuric acids, SO3 and Sa 0«. The only difference is, tnat 
while S Oa neutralizes as much base as Sa O5, Ml Oa only neutral- 
izes half the quantity of base neutralized by Mia Os, or in other 
words, Mia Oe neutralizes as much base as Mia Os. 

When stearic acid is distilled alone, or with lime, it yields much 
margaric acid, and a neutral fusible crystalline fat, margarone, 
besides a solid carbo-hydrogen C34HS4, carbonic acid and water. 
Margarone is either Css Has O, or G94 Has 0. In the former case, it 
is formed from margaric acid by the loss of 1 eq. carbonic acid ; 
in the latter, it is the oxide of the supposed radical margaryle. 
Ml O. The production of these compounds is easily understood, 
lor 2 eq. stearic acid are equal to 3 eq. margaric acid, and 1 eq. 
oxide of margarile : 2 Mia Os = 3 Ml Oa 4- Ml 0. Again, 4 eq. 
of hydrated stearic acid contains the elements of 6 eq. hydrat^ 
tnargaric acid, 1 eq. margarone, TCssHssO), 1 eq. water, 1 eq. 
carbonic acid, and 1 eq. of the caroo-hydrogen C34 Hs4. It would 
appear that according to circumstances, the margarone has a dif- 
ferent composition, it^ properties varying little, so that different 
chemists have obtained different margarones : namely. Gas Has O ; 
Cm Has O ; and even (V« Hcs = Mia 0. When margaric acid is 
heated, part distils unchanged, and part is converted into the above 
products. 

When margarine or stearine are distilled, they yield the verj 
acrid vapors of acroleine, a product derived from the glycerine 
contained in these fats ; but pure stearic and margaric acids yield 
not a trace of acroleine. Neither do they yield any sebacic acid 
among the products of their distillation, this acid being derived 
exclusively from oleic acid.* 

* The Utc iDTestigations of MM. Laurent and Oerhardt have reaalted in 
proving the atomic weights of margaric and stearic acids the same. They 
were led to these investigations from the strong resemblance which them 
acids bear to each other in their physical properties, and their metamorphoaetf 
under various re-agcnts. Stearic and margaric acids now bear the same relation 
to each other, that tartaric and racemic acids do ; for while the lattor ara tar* 
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ACTION OF NITBIO ACID ON MAROARIO ACID. 

By the action of nitric acid, stearic acid is converted into inar- 
garic acid, with disengagement of nitrous acid vapors. But if the 
action of the nitric acid be prolonged, the marganc acid is gradu- 
ally oxidized and dissolted, being converted into suberic acid, 
succinic acid, and an oil soluble in nitric acid. 

24, SiTBEBic Acid. Ci H« Oa , H O = Su, H O. 

This acid is formed, when cork is oxidized by nitric acid, but 
especially when nitric acid acts on stearic acid, margaric acid, 
oleic acid and other fatty bodies. The acid solution obtained by 
boiling stearic or margaric acid with nitric acid, till it is entirely 
dissolved, is evaporated to one half, and on cooling, deposits a Iarfi;e 
quantity of suberic acid, which is easily purified by crystalli- 
sation. 

It forms small granular crystals, fusible, when moist, at 130^, 
when dried, at 248°, volatile at a higher temperature, and sublim- 
ing in the form of long needles. It is sparingly soluble in cold 
water, very soluble in hot water, in alcohol and ether. 

The general formula of the suberates is Su, M 0. The suberate 
of oxide of ethyle, is prepared like the ethers of all the fatty acids 
by passing hydrochloric acid gas through the alcoholic solution of 
the acid. When suberate of lime is distilled, it yields, amon^ 
other oily products, a liquid boiling at 366°, the formula of 
which is, Cs Ht 0. It may be either the oxide of Ci H7, or the 
hyduret of Ci He 0. It is converted into suberic acid by the 
action of the air and of nitric acid. In fact, the addition of 3 eq. 
of oxygen gives the composition of hydrated suberic acid, Ci H7 
O4. It is probable that there exists a radical suberyle = Cs Ht 
= Su ; and that we have SuH, and Su Oa, H 0, for the oil 
and suberic acid, analogous to the hyduret of benzoyle and ben- 
soic acid. 

35. Succinic Acid. C4 Ha O3 , H O = S, H O. 

This acid exists ready formed in amber, and may be obtained 
by distilling that body. But the mother liquor of the suberic acid, 
formed from margaric acid, &c,, by nitric acid, contains a large 
quantity of succinic acid, along with a little suberic acid. The 
mixture being dried up, is acted on by ether, which dissolves the 
suberic acid, leaving the succinic acid ; it is finally purified by 
sublimation. 

It forms regular crystals, which may be easily sublimed. The 
formula of the sublimed crystals i82(C4 Ha Oj)-\'HO; but by 

taric and metatartaric acids, the othera are stearic and metastearic acids. 
These investigations do away witli the non-identity of the fat of the human 
species and that of other animals. These results must be of the highest 
bttportanoe to physiology. S. 
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repeated sublimation it may be obtained anhydrous. The first 

hydrate, S, H 0, melts at 356^, and boils at 455^, subliming, how- 
ever, slowly at 284*^. The sublimed hydrate, 2 Su + H O, melte 
at 320^, and boils at 468° ; and the anhydrous acid melts at 257% 
and boils at 482**. 

By the action of anhydrous sulphuric acid, it yields a new 
acid, apparently Cs Hs Ss Oio, 4 H 0, hyposulphosuccinic acid. 

The constitution of the succinates is still doubtful ; but the most 
recent researches of Fehling, who has twice examined these salts 
with care, lead to th^ general formulae of C4 Hs Oa, M 0, for the 
neutral, and 2 (Ca Hi O3 ) + M 0, H 0, for the acid salts. The 
succinates of lead present some anomalies. By the action of 
ammonia, N Hs, on succinic ether, C4 Hi Oi, C4 Hs 0, there is 
formed succinamide, C4 Hi Oi,NHi, while alcohol, C4 Hs O, 
H 0, is given off. When acid succinate of ammonia is heated, 
there is sublimed a new body, bisuccinamide, Ct Ha O4, NHs. 
It is formed from 2 eq. succinic acid and 1 eq. ammonia, by the 
separation of 2 eq. water. In their mode of formation these two 
bodies resemble oxamide and oxamic acid, only bisuccinamide has 
no acid properties. 

The origin of amber is very uncertain ; but it is most probably 
derived from some resin, formerly liquid or soft. It may possibly 
have arisen from the slow oxidation of a fatty matter, aa we see 
succinic acid formed from fats by oxidation. Amber is a clear brit- 
tle yellow solid, becoming electric by friction. It is for the most 
part, insoluble in all menstrua. When heated it yields succinic acid 
and a volatile oil, and there is left a large proportion of a matter 
which may be called bituminous, and forms the principal part of 
the amber. 

26. Oleic Acid. Css Has O3 , H O = Oi, H O. 

This acid, in combination with glycerine, constitutes, as oleine, 
the liquid or most fusible portion of fats and fat oils. It exists in 
small proportion in tallow or suet ; more abundantly in human ^t, 
hog's lard, and butter ; and it predominates in olive oil, and espe- 
cially in almond oil. To obtain it, almond oil is saponified, and 
the mixed fat acid obtained from the soap is digested wiih half its 
weii^ht of oxide of lead, by which means mar^arate and acidoleate 
of lead are formed. Ether dissolves the latter only, and the 
ethereal solution of oleate of lead is acted on by hydrochloric acid 
when the ether rises to the surface, holding the oleic acid in solu- 
tion. The ether being distilled off, the oleic acid is left somewhat 
colored, and it is purified by exposure to cold, when the pure acid 
crystallizes ; or by converting it into oleate of baryta, which is 
purified by means of alcohol. When pure it is a nearly colorless' 
oily fluid, freezing in cold weather. At temperatures above 67^ 
it is a fluid oil, but when once melted, it does not solidify till cooled 
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to 40^, and when solid it does not melt till heated to 67^. It 
rapidly absorbs oxygen from the air, and becomes brown. 

It forms salts with bases, and the oleates of the alcalies are 
soaps. Naples soap is chiefly oleate of potash : oleate of soda is 
harder. 

Nitric acid converts oleic acid into suberic acid and other pro- 
ducts. By hyponitric (nitrous) acid or nitrate of mercury it is 
oonverted into elaidic acid. 

When distilled, oleic acid gives rise to sebacic acid, and this is 
an infallible test of the presence of oleic acid or oleine in any fat. 
This character applies to all the varieties of oleic acid, although 
we have reason to think that the oleic acids of fat oils and of dry- 
ing oils are very different. Indeed, according to recent researches, 
the oleic acid of linseed oil is C46Ha8 05, HO. 

Of the oleates, the most important are those of potash and soda, 
which exist in most soaps, and constitute the chief part of those 
laade with olive or almond oil, or whale oil, and that of lead, 
which is a valuable ingredient of most plasters. Oleate of oxide 
of fi^lycerile, as already mentioned, is oleine, the liquid part of fats 
and fat oils, which is hardly known in a perfectly pure state. 
Oleate of oxide of ethyle is an oily liquid. 

27. SfiBACio Acid. Cio H • Oa , H O = Se, H 0. 

When any oil or fat, containing oleine or oleic acid, is distilled, 
and the product boiled with water, the hot filtered liquid deposits, 
On cooling, sebacic acid in small crystals resembling benzoic acid. 
It is soluble in alcohol and ether, and sublimes without alteration. 
Hie salts of sebacic acid are not remarkable, with the exception of 
ibe sebate of oxide of ethyle, which has a fragrant smell of mel- 
ons. When we wish to ascertain the presence of oleine in a fat, a 
portion is distilled, the product is boiled with water, and the liquid, 
eren if it deposit nothing, is tried by acetate of lead, with which 
it forms a white precipitate if sebacic acid be present. 

28. Elaidic Acid. C» Ha O, H O. 

This acid is formed by the action of nitrous acid on oleic acid, 
with which it is isomeric. If a current of nitrous acid be passed 
through well-cooled oleic acid, the latter soon solidifies in large 
scales, which are elaidic acid. It is purified by solution in alcohol. 
It forms silvery scales, melting at 112^, very soluble in alcohol, 
and volatile without decomposition, except to a very small extent. 
The salts of this acid are soaps, and resemble those of the other 
fiit acids. 

Oleine is converted into elaidine (elaidate of glycerine), and 
oleic ether into elaidic ether, by the action of nitrous acid ; but 
we cannot yet account for the production of elaidic acid in these 
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cases or in that of its formation from oleic acid, since the 
of action of the nitrous acid is quite obscure. 

ACTION OF NFTRIC ACID ON OLEIC ACID. 

When oleic acid is acted on by nitric acid, it yields several acids, 
only one of which, suberic acid, occurs in the action of nitric acid 
on other fiat acids. The remaining acids are, azelaic acid ? pime- 
lic acid, adipic acid, lipic acid, and azoelic acid, all of which are 
crystal lizable, besides no less than nine volatile acids, all belong- 
ing to the series ( C H) n + O4 . — (Redtenbacher). 

The action of nitric acid on oleic acid is violent. When com* 
pleted, the liquid is evaporated to one-half, and on cooling deposte 
suberic acid, which, according to Laurent, is accompanied by 
azelaic acid, very similar to it, the composition of which he 
describes as the same as that of suberic acid, or only differing by 
1 eq. of water, while he gives the formula CioHt 64, HO, that 
of suberic acid being Ct Hs O3, H 0. There is probably here 
an error of the press. But the existence of azelaic add b rery 
doubtful. 

Pimelic acid crystallizes on evaporation after the suberic acid 
has been removed, in hard granular crystals, fusible and volatile. 
Its formula is C? Hs O3, H 0. In the mother liquid are found: 
Adipic acid in round radiated masses, fusible and volatile : formula 
Ce H4 O3, H {Laurent), Cm Hq O7, 2 H O (5ro^i«), probably 
different acids. The Lipic acid forms long tables, very fine whea 
formed in alcohol : formula Cs H3 O4, H 0. Azoleic acid, accord* 
in^ to Laurent, occurs in the form of an oily liquid, and (enanthie 
acid is also found. According to Bromeis, azoleic acid is doubtfttl» 
and the acid taken for it and for oenanthic acid is impure butyrie 
acid, one of the oily acids observed in this reaction by Redten- 
bacher. 

The volatile oily acids detected ,by that chemist are the follow* 
ing, being the first nine in the series so often mentioned, in whkdl 
the hydrated acids have the formula (CH^n + 04. We give 
them in a tabular form, with the empirical ana rational formuke : 



Acetic acid . . 


. C4 H4 O4 


= C4HsOs,HO. 


Metacetonic acid 


. Ce He O4 


= CeH#Os,HO. 


Butyric acid . . 


. Ct Ht04 


= CtH7 0s,H0. 


Valerianic acid 


. C10H10O4 


= CioH»Os,HO. 


Caproic acid . . 


. C.2HUO4 


= C.iHiiOs,HO. 


(Enanthylic acid 


. CmHu04 


= C.4Hi3 0a,HO. 


Caprylic acid . 


. C16H16O4 


= Ci6Hi5 0s,HO. 


Pelargonic acid 


. Ci^HisO^ 


= Cl8Hl7 08,HO. 


Capric acid . . 


. CioHio04 


= C*)Hi»Os,HO. 



In this remarkable series of acids, each individual differs from 
the preceding by the addition of Ca Ha ; and in like manner^ 
the boiling point of each rises an equal number of degrees above 
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that of the preceding one. Tlie three or four highest in the series 
are even solid at ordinary temperatures, and it is probahle that in 
all the melting point rises with the amount of Ca Ha , as regularly 
as the boiling point does. 

The evident connection between all these acids is very interest- 
ting, as it accounts for their frequent occurrence in nature, more 
or less mixed toc^ether. Thus, in butter, which contains much 
oleic acid, we find four of these acids in small quantity, and it is 
remarkable that these four are not successive, but alternate in tlie 
series, the number of eq. of carbon and hydrogen being in them 
divisible by 4. They are, butyric acid, Ca ; caproic acid, Cia ; 
caprylio acid. Cm ; and capric acid, Cio. Redtcnbacher observes, 
that the baryta salts of these four acids all form prisms, and that 
they are less soluble as the acid rises in the series ; while the 
baryta salts of the intermediate acids, whose eqs. of carbon are 
divisible by 2, all crystallize in scales, and also diminish in solu- 
bility iu ascending the scale. These curious facts furnish almost 
the only means of separating these acids from each other. 

When oleic and elaidic acids are heated with potash there are 

Sroduced acetic acid and a new fatty acid, C32H90O3, H 0. The 
ifference between the formula of this acid and that of oleic acid 
is eqmd to 3 eq. acetic acid, which accounts for its production. 
Again, elaidic acid, C72 HesOs, plus 7 eq. oxygen, yields 2 eq. 
of the new acid, and 2 eq. acetic acid. This acid only differs 
from palmitic (ethalic) acid by 1 eq. hydrogen. 

ACIDS OF CASTOR OIL. 

Castor oil is a very peculiar oil. When saponified, it yield? 
two fat acids, one crystal! izable, margaritic acid ; the other liquid, 
ricinic acid. The latter is little known. The former is said to be 
0» Hai Oe. Castor oil is a mixture of the compounds of glycerine 
with these two acids. It is soluble, when pure, in its own bulk of 
slcohol. Nitrous acid converts it into a solid crystal 1 izable fat, 
pftlmine, analogous to elaidine, but dififering from it. 

When castor oil is acted on by nitric acid, it yields a new vola- 
tile oily acid, of an agreeable aromatic odor, which is called 
csnanthylic acid, as its formula is that of oenanthic acid, plus 1 eq. 
oxygen; Ch His O3, H O. It forms an ether of a very agreeable 
aromatic smell. In the residue is found suberic acid. 

Palmine, the fat formed by the action of nitrous acid on castor 
oil, is a white crystalline fat, which, when saponified, yields gly- 
cerine and a fatty acid, palmic acid, not yet fully investigated, but 
■aid by Playfair to belong to the series of margaryle, that is, to 
differ from margaric acid only in oxygen. A current of sulphur- 
ous acid passed though castor oil is said to produce palmine, or at 
all events a fat which yields palmic acid. This, if true, is a very 
sinc^ular fact, since nitrous acid, an oxidizing agent, and sulphurous 
acid, a deoxidizing one, would thus produce the same result. 
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These are all compounds of glycerine with fatty acids. When 
heated with alcalies they yield soaps ; with oxide of lead, plat* 
ters ; while in both cases glycerine is set free. The most comin<Ni 
of all these compounds are stearine, margarine, and oleine, of 
which always two, and often all three, are present, stearinc pre- 
dominating in the hard, margarine in the soft, and oleine in the 
liquid fats. It is only the compounds of glycerine with Tolatilo 
acids, such as butyric acid, that hare a strong smell. 

There are two kinds of fat oils : the fat oils proper, and the 
drying oils. The latter contain much oleine, the oleic acid of which 
is different from the usual oleic acid, and they absorb oxygen from 
the air, drying into a kind of varnish. When oils become randd, 
ihey are parUy decomposed ; and, generally, some of the acid, as 
well as of the glycerine, is set free, while oxygen is absorbed. 
Pure stearine, margarine, and oleine do not become rancid, and 
that change depends on a process of decay or slow oxidation going 
on in the impurities of the oil, and from them passing to the ou 
itself. 

ACTION OF HEAT ON OILS AND FATS. ACBOLXINB. 

When oils are distilled they produce a variety of com(K>andi^ 
such as margaric acid, sebacic acid, margarone, carbohydrogena, 
&c, &c.t and one most remarkable compound, acroleine, derived 
from glycerine. 

Acroleine, Cs Ha Os> is best obtained by distilling glycerine 
with phosphoric acid. The whole operation must be carried on in 
vessels full of carbonic acid gas, as the acroleine is very rapidly 
oxidized by the air. Its vapor attacks the eyes and nose in a moti 
painful, indeed intolerable, degree. It may be considered as the 
nydrated oxide of a radical Cs Hs, (acryle, analogous to aoetyle) 
Ge Hs, + H 0, analogous to aldehyde. It rapidly absorbe 
oxygen and forms acrylic acid, Ce Ha Os, H 0, analogous to ace* 
tic acid. In certain circumstances, the solution of acroleine exposed 
to the air deposits a white solid, CioHt O4. 

The presence of acroleine among the products of the distillatioa 
of an oil or fat is a convincing proof of the presence of glycerine 
in that oil. It is worthy of remark that glycerine, C< Hr 0«, it 
hydrated oxide of acryle, plus 3 eq. water, so that oils and £ati 
may be called compounds of acroleine as well as of glycerine. It 
is even conceivable that acroleine may be Cs Hs 0, which we 
have seen to be a probable form of glycerine in some fats ; or that 
the glycerine in these fats may be acroleine, as above given, Os 
H4 Oa, and that when this glycerine is separated by an alcali^ il 
takes up 3 eq. of water. 

Castor oil, so peculiar in other respects, exhibits a peculiar decom? 
position by heat. It yields acroleine, and a volatile oil, composed 
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of two oils insoluble in alcalies ; besides some saponifiable acids. 
When about one-fifth has been distilled, the residue suddenly con- 
solidates into a spongy, yellow, elastic mass, insoluble in all men- 
strua except caustic alcalies, with which it forms peculiar soaps. 
These, when decomposed by an acid, yield a tough viscid sub? 
stance having the characters of an acid. The product of the 
distillation again distilled with water, yields several oily compounds, 
one of which is crvstalline, and not yet fully studied. The less 
Tolatile residue bems; again distilled yields a peculiar crystalline 
fatty acid, and another oily acid. Neither of these has been 
properly investigated. 

When oils or fats are decomposed at a red-heat, they yield much 
combustible gas ^oil gas), formed of olefiant gas and marsh gas, 
and several liquia carbohydrogens : in particular, benzole, C12 He, 
Faraday's quadricarburetted hydrogen, C4 H4, or Ct Hs, and 
another isomeric compound, which is only liquid at very low tem- 
peratures. 

AOnOV OF SULPHURIC ACID ON FAT OILS. 

Sulphuric acid, if added in small quantity to oils, combines with 
ibeir glycerine ; but if used in excess gives rise to a number of 
new products. In the first instance there are formed, when a mix- 
ture of oleine and margarine is acted on, two new acids, sulpholeio 
acid and sulphomargaric acid. These acids have not been isolated, 
bat when Uieir solution in water is heated, the sulphuric acid 
separates, and the oleic and margaric acids are transformed into 
four new acids, metamarearic and hydromargaritic acids, and 
netoleic and hydroleic acids. The two former are solid, crys- 
tdlizable, and partly volatile. A compound of the two exists, 
which acts like a single acid, and has-been called hydromargaric 
acid ; it is also a fusible solid. The two latter are oily, and all 
twe appear to be bibasic. Their composition cannot be considered 
as ascertained, but the three first are nearly allied to margaric 
ftcid. 

It would lead to confusion here to mention the different 
ibrmulsB proposed by Fremy, Berzelius, and Liebig, for these 
acids, more especially when it is considered that we have no suffi- 
cient evidence of the perfect freedom from foreign admixture of 
the acids analyzed, and that the recent observations of Miller 
•how an amount of variation in the melting points which leads to 
the suspicion of impurity. The subject is mteresting, but difficult, 
and requires a very minute investigation. 

Metoleic and hydroleic acids, when distilled, yield water, car- 
bonic acid, and two carbohydrogens, oleene and ela6ne, both of 
which contain carbon and hydrogen in an equal number of equiva- 
lents ; oleene is supposed to be C40 H«o, and ela^ne, Cm H46 ; but 
this is not established. 
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ACTION OF NITROUS ACID ON FAT OILS. 

Nitrous acid, or solution of nitrate of mercury, as already men* 
tioned, causes fat oils to become solid, conrertine oleine into 
elaidine. This curious change takes place in olive oil, almond oil, 
rape-seed oil, hazel-nut oil, castor oil and others : but the drying 
oils, such as oils of linseed, hemp-seed, walnut, ppppy-seed, &c., 
are not at all affected by nitrous acid. In all the oils which are 
changed into elaidine, except in castor oil, fhe product is the same. 
It is the formation of this solid fat which causes the mercurial oint- 
ments, made with nitrate, to become hard when kept The 
elaidine, when purified by pressure and crystallization in alcohol 
and ether, yields neither margaric nor oleic acid when saponified, 
but only elaidic acid, isomeric with oleic acid. There is probably 
a secondary reaction, for a red coloring matter is also formeo, 
which has not been investigated. 

Castor oil, as has been already mentioned, yields, with nitrous 
acid, a new fat palmine, which contains a new acid, palmic add. 
These resemble elaidine and elaidic acid, but are quite distinct 

ACTION OF BASES ON FAT OILS. SOAPS AND PLASTBB8. 

When fat oils are boiled with solution of caustic alcalie's, they an 
gradually dissolved in the water, if there be not too great an excess 
of alcali present, forming ropy or gelatinous solutions, which ge* 
latinize on cooling. These are solutions of soaps, that is, potash 
and soda salts of the fatty acids, along with the glycerine set free. 
In order to have the soaps in a solid form, the solutions are boiled 
down, and when the alcali reaches a certain concentration, the soap 
becomes insoluble, and rises to the surface in a soft, half-melted 
state. This is drawn off into moulds, and the mass formed on 
cooling, is soap. Another method of causing the soap to sepanile 
from the water in which it is dissolved, consists in adding 8ea-salt» 
which at once coagulates the soap, converting it into a soap of soda» 
if it is a soap of potash. Of course, the glycerine, in both casei» 
is carried off in the mother liquid. Such is the theory of soi^ 
making, which is very simple, depending on the affinity between 
the alcalies and the fat acids; on the solubility in water of the 
alcaline stearates, margarates, oleates, palmitates, <fec. ; and, finally^ 
on the power of a certain amount of free alcali or sea-salt, to co* 
agulate the soap, and render it insoluble in the liquid in which it 
swims, and which in fact runs off its surface as water does off the 
surface of fat, while yet the soap retains perfectly its solubility in 
pure water. 

The soaps of lime, baryta, d^c, are insoluble in water, and have no 
detergent power : hence the waste occasioned by using hard, that ia^ 
calcareous, water for washing. All the salts of lime in such water 
must first be entirely precipitated in the form of curdy flocculit 
before any soap can be dissolved so as to aot as a detergent 
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The soaps of potash are soft, compared with those of soda» 
which are called hard soaps. White soap is stearate, with some 
oleate of soda. Naples soap is oleate and margarate of potash. 
Common soft soap is chiefly oleate of potash, hut as it is made 
from whale oil or seal oil, it contains also phocenate of potash, 
which firives it a disagreeable smell. 

Castile soap is oleate and margarate of soda, colored by metallic 
oxides, chiefly oxides of iron, in such a way as to give the desired 
mottled appearance. Much and excellent soap is now made of 
palm oil, and is, therefore, palmitate of soda. 

Soaps are soluble in alcohol, forming tincture of soap, which is 
an admirable liniment for bruises, and is much used along with 
laudanum, as tincture of soap and opium ; also with camphorated 
qpirit, forming opodeldoc. 

Plasters are soaps of certain metallic oxides, chiefly oxide of lead, 
which are insoluble in water, but fusible, and possess useful prop- 
erties. Utharge plaster is made by boiling finely 5 parts of pow- 
dered oxide of lead with 9 parts of olive oil and some water, till 
the combination is complete. It is plastic at ordinary temperatures, 
and melts when heated. When solution of acetate of leaa, is added 
to solution of soap, plaster, that is, oleate and margarate of lead, 
fa precipitated. When prepared in this way, it becomes hard. 
White lead plaster, made with carbonate of lead, is very plastic 
and fusible, and is much used. Iron plaster and mercurial plaster 
are of small importance. 

The chief liquid fat oils and drying oils of the vegetable king- 
dom have already been mentioned. In the animal kingdom, there 
are fish oils, characterized by containing phocenine ; also cod liver 
oU, drc. drc. 

The solid oils or fats of the vegetable kingdom are, butter of 
eacao {thedbroma cacao); of nutmeg [myrisHca moschaia); of cocoa- 
mt [cocus nucifera); of laurel {laurus nobilis); palm oil (avoira 
dai$; dais guianenais); galam butler {baaaia hulyracea); and some 
others. Those of the animal kingdom are tallow, or suet, butter, 
bofr's lard, human fat, <&c. 

Spermaceti is a peculiar fat found in the head oiphyseter macro- 
cephalu8. When purified from a small quantity of a liquid oil, it 
eonstitutes cetine, which is a compound of ethal, (hydrated oxide 
of cetyle,) with cetylic acid, or at least yields those compounds 
when boiled with potash. Cetine crystallizes beautifully when 
melted or when dissolved in hot alcohol. Cetine, when acted on 
by nitric acid, yields first, pimelic acid, C? He C4 ; which is then 
oxidized into adipic acid, Cu Hit Oio. Thus, 2 (C7 He O4 ) +• O4 
IB Ci4 Hit Oio. The adipic acid is finally converted into succinic 
mcid;thu8,2(CMHifO,o) + Oii = 7(C4H3 04)+3HO. 

Cholesterine is a fat lound in bile, and also, in small proportion, 
in the blood, and in much lai^r quantity as an ingredient of 
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cerebral matter. It forms the chief ingredient of biliary calculi 
It dissolves in hot alcohol, crystallizes on cooling, in silvery scales, 
but cannot be saponified by boiling with potash. Its formula is 
either Cas H» 0, or Cas H32 0. When acted on by nitric acid, it 
yields a new acid, cholesteric acid, which contains nitrogen, proba- 
bly as nitrous acid. 

Ambreine, a fat analogous to cholesterine, is found in ambergris. 
It yields, with nitric acid, ambreic acid. Castorine is a similar &t 
found in castoreum. 

Wax is another peculiar fatty body, the origin of which is 
derived from flowers, whence it is collected by the bee. It melts 
at about 1 50^. It is a mixture of two fats, cerine and myricine, 
the former soluble, the latter insoluble, in hot alcohol. Cerine is 
partly saponified by boiling with potash, yielding apparently mar- 
garic and oleic acids (?) along with a neutral fat, ceraine havinff 
the same composition as myricine. There are several kinds of 
vegetable wax, but they are all much more easily saponified than 
bees- wax. When bees- wax is distilled, it yields neither acroleina 
nor sebacic acid, and would therefore appear to contain neither 
oleic acid nor glycerine. When heated with nitric acid, wax is 
almost entirely converted into succinic acid. 

Japan, or tree- wax, is a true fat, composed of palmitic acid and 

flycerine without oleine. When acted on by nitric acid it yields 
rst pimelic and adipic acids, and then succinic acid, as in the caas 
of spermaceti. 

Cerosine is the name given to a waxy substance occasionaUj 
found on the surface of the sugar-cane. It is not saponifiable, and 
appears to contain C48 Hso Os . 

Athamantine, from the root of aihamanta oreosdinum, is a crys* 
talline fat-like body, containing valerianic acid, united to a body, 
oreoselone, which supplies the place of glycerine in the neutnd 
athamantine. Oreoselone is Cu Hs O3, that is, isomeric with drj 
benzoic acid. Athamantine is Cm His O7 = Cu Hf Oa (1 eq« 
oreoselone) + CioHioO 4 (1 eq. valerianic acid). Athamantine 
combines with hydrochloric acid, and the compound, when boiled 
with water, deposits crystals, which are oreoselone plus water as 
CuHo O4, and isomeric with crystallized benzoic acid. 

Having now briefly described the best known organic acids, it 
is necessary to mention a number of acids, found in the analyses 
of different vegetables, but not yet sufficiently studied to decide 
whether they exist independently, or may not rather be, in raanj 
cases, identical with some of the acids above described. Such ars 
chelidonic acid, lately shown by Lerch to be analogous to meconic 
acid, and to have the formula Cu Hs Ois = Cu Hs Oi«, 3 H , 
caincic, crameric, cafifeic, bolelic, fungic, tanacetic, lactucic, atro- 
pic, cocognidic, solanic, coneic, aceric, moroxylic, kinovic, and 
menispermic acids, besides others. 
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YOLATILK OR S88ENTIAL OILS. 

These oils are so called because they are obtained by distiUa- 
tion of vegetables, generally along with water, and because, having 
in most cases the concentrated odor of the plant, they are usually 
called essences. Most of them exist ready-formed in the plant, 
which owes its smell to them : but some, as oil of bitter almonds 
and oil of spiraea, are formed by a kind of fermentation, excited 
in the case of the former, as already stated, by the contact of 
amygdaline, emulsine and water. 

Many plants, when cut, yield balsams, which are mixtures of 
essential oils and resins. In many essential oils a crystalline mat- 
ter is deposited, called a camphor or stearoptene. They are all 
soluble in alcohol. Many absorb oxygen from the air and become 
acid, as oil of cinnamon. They are violently acted on by nitrio 
add and iodine, chlorine, bromine, &c. 

They may be divided into three kinds: 1st, those containing 
only carbon and hydrogen, as oil of turpentine; 2d, those con- 
taining also oxygen, as oil of cloves ; 3a, those containing sul- 
phur, as oil of garlic. 

1. NOV-OXTGENATED ESSENTIAL OiLS. 

Almost every one of these (which constitute a very numerous 
class of oils) as yet accurately analyzed, has been found to con- 
tain carbon and hydrogen in the proportion CioHt, or what is the 
same thing, Cs H4, or C« Hi6. The following are the most impor- 
tant 

Oil of turpentine, CioHt, or CaoHie, is obtained by distilling^ 
with water, turpentine, the juice extending from many species of 
pmui. Rosin, resin, or colophonium, remains in the retort. The 
oil has a peculiar smell, and burns with a smoky flame. Its Sp. 
O. is 0*86. It boils at 312°. Strong nitric acid sets fire to it, and 
it is also decomposed with flame by chlorine. It dissolves sulphur, 
phosphorus, and fat oils. When exposed to hydrochloric acid gas, 
It combines with it, forming a while crystalline solid like camphor, 
and a liquid compound. The solid is Co Hi? CI = CaoHn, H CI. 
When heated with lime, it yields a pure oil, dadyle, Cao Hie. The 
fiqnid hydrochlorate, heated with lime, yields another pure oil, 
pencyle, rather more volatile than dadyle, but having the same 
aomposition. Oil of turpentine would seem to be composed of 

Cyle and dadyle, both Co Hic ; the former giving a liquid, the 
r a solid compound, with hydrochloric acid. 
Ktrie acid, by long boiling, converts oil of turpentine into an 
" twpentinicacid, C4H. 07,H0? 

e is used in medicine, internally, as a vermifuffe, 
of the larger worms, such as tcenia ; externally, 
''^eient and counter-irritant. In the arts it is 
at fiur resins in makbg Tarnishes. 
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Oil of juniper has the same composition as oil of turpentine, but 
possesses its own peculiar odor, which it communicates to alcohcd 
m gin. This oil is diuretic. 

Oil of saviue has the same composition. It is also diuretic. 
Oil of elcmi has the same composition, and a pleasant odor. Oil 
of storax, or sty role, appears to have the composition of Ca H, or 
some multiple of it. ^Nitric acid acts on it, producing hydrocyanic 
acid, benzoic acid, and a fragrant crystalline body, nitrostyrole* 
Sty role itself is a very remarkable substance, differing as it does 
from all the other non-oxygenated oils. Dr. Blyth has been for 
some time engaged in its investigation, and has obtained very 
interesting results, not yet ready for publication. 

Oil of lemons has the probable composition, Cs H4. Like dl 
of turpentine it is composed of two isomeric oils, citrene and citry- 
lene, which combine with hydrochloric acid, forming a liquid and 
a solid compound, decomposed by heating with lime. The solid 
camphor seems to be, Cio Hs CI = Cio Hs, H LI. The oils of cedro, 
cedrat, oranges, and limes, are all essentially identical with oil of 
lemons. Oil of neroli, or of orange-fiower, is quite distinct, havinff 
the odor of the flower, while the others have that of the rind of 
the fruit. Its composition is not accurately known. 

Oil of copaiva is another isomeric form of oil of turpentine, 
which it very much resembles, forming a camphor ¥rith hydro- 
chloric acid. It is diuretic, and much used in affections of the 
bladder and urethra. Oils of pepper and of cubebs are still of the 
same composition in 100 parts, although the latter is supposed to be 
Cm Hii. 

2. Oxygenated Essential Oils. 

The principal oils of this class have been already considered^ 
their radicals being known. These are oil of bitter almonds, or 
hyduret of benzoyle ; oil of spiroea, or hyduret of salicyle ; (ul of 
cinnamon, or hyduret of cinnamyle ; oil of cloves (eugenic acid) ; 
oil of cumine, or hyduret of cumyle ; oil of aniseed, the solid part 
of which is CjoHu O2, and with nitric acid yields anisic acid, and 
other compounds already described at p. 448 ; oil of valerian, 
chiefly valerianic acid, <&c. The essence of valerian, according to 
Gerhard t, ^ne rally contains several compounds, especially if old. 
When fresh, it contains no valerianic acid, but an oil, valerole, 
which is crystallizable, and soon passes into valerianic acid in the 
air. This oil is C12H10OS, and is isomeric with metacetone, also 
with Kane's oxide of mesityle, and with oxide of allyle (see oil of 

farlic, p. 470). Besides valerole, the essence contains a carbo- 
ydrogen, bomeene, CioHs, identical with the oil obtained from 
Borneo camphor ; and finally, a camphor, which is identical with 
Borneo camphor. 

Oil of cinnamon, according to Mulder, is, when quite fresh, Ob 
Hii Os. It rapidly attracU oxygen, and 3 (CmHh Oa) «f 0« » 
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1 eq. cinnamic acid, 1 eq. resin alpha, Cis Hs O, 1 eq. resin beta, 
0Wili5O4, and 6 eq. water He Oe. With hydrochloric acid it 
yields two different resins, CaoHt 0, and CuH? 0, besides other 
products. With oil of vitriol it yields two more resins, Cao His Os# 
and do His 0, which together are equal to 3 eq. of the oil minus 
3 eq. water. With nitric acid the fresh oil forms a crystalline 
compound, Cit H« N O7 = C.s Ht O3 + N O3 + H 0. With 
water this body yields hyduret of cinnamyle, Cit Hs Os. If dis- 
■olved in sulphuric acid and mixed with water it ^ves cinnamic 
acid, CisHt O3. Along with the crystals, nitric acid yields a red 
oil» which, with water, gives another oil, CisH? O3. 

Oil of anise, C20H12 Os, yields with bromine a compound in 

Cne crystals, C« -J ^.' Oi. When acted on by strong acids, or 

by the chlorides of tin or antimony, y>il of anise is converted into 
an isomeric body, anisone, analogous to benzoine. 

Of the remaining oils of this class may be mentioned the oils of 
dill, of fennel, of parsley, of carraway, of coriander, of pimpernel, 
of pepermint (Cio Hio 0, or C.« H30 O2 ; this oil yields several new 
compounds with chlorine), of marjoram, of lavender, rosemary, 
basil, thyme, rue (GttH.tOs), cascarilla, chamomile, wormwood, 
tea, cardamom, nutmeg, cajeput, rhodium, rose (otto or attar of 
roses), berofamot, saffron, sassafras, and sweet-bay (CioHieO). 
Of these, httle certain is known, and almost all require a careful 
itadv. 

Tne oil of sassafras, C10H5 Os, when cooled, deposits very 
large and beautiful crystals, measuring 1^ inches on the side. 
With bromine, the solid essence yields crystals, composed of Cm 
HBr4 0,. 

The oil or essence of semen contra is said to be CisHisOs. 
That of ariemisia dr€u^unctUtu, or essence of estragon, yields, when 
treated with sulphuric acid, anisoine, identical with that of oil of 
anise, and in fact contains the same oxygenated oil (stearoptene 
of anise), along with a different carbohydrogen. Laurent has 
obtained from essence of estragon a series of new compounds. He 
represents the essence by Cat H» O3 ; but Gerhard t has shown 
that it is identical with oil of anise, and that draconic acid and 
dracole are the same as anisic acid and anisole. The acid is Cu 
Ht04,H0. 

The concrete essence of the tonka bean is called coumarine. It 
is very fragrant, and its formula b Cis He O4. Potash changes it 
first into cumaric acid, Cm H? O5, H 0, and afterward into salicy- 
lic acid ; and hot nitric acid converts it into nitropicric acid. Cold 

( TI 
nitric acid produces a white volatile crystalline solid, Cu •< -^ q 

O4 . Coamarine also combines with chloride of antimony, forming 
yellow crystals. 
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3. SULFHURETTED EISSBIITIAL OiLS. 

This class of oils is distinguished by a puDgent peculiar Bm€% 
and acrid burning taste, as in oil of mustard, or an intense alliae^ 
ous odor, as in on of garlic or of onions. The more important of 
them have been lately investigated, and have yielded veiy strikiBg 
results. 

Essence of mustard is prepared from mustard-seed in the saaM 
way as oil of bitter almonds from that seed. The seed is macer> 
ated with water and afterward distilled, when it yields an oil of a 
most remarkable nature, containing not only sulphur, but alto 
nitrogen. The pure oil is colorless, of Sp. G. 1*0 10, and boils at 
298^ or 300''. Its formula is Cs Hs N Ss , so that it contains no 
oxygen. With ammonia it forms a crystalline compound, which 
is, in fact, an organic base or alcali, thiosinnamine =s Ct Ht Nt 
Bm, This is a bitter compound, which forms, like nearly aD 
organic bases, crystalline compounds with chloride of platmnm 
and chloride of mercury. 

Thiosinnamine, acted on by dry oxide of lead or of mercurjv 
loses all its sulphur, forming a new base, sinnamine = Ct H« Nt 
s= Cs Ht Ns Ss — 2HS. It is, therefore, thiosinnamine, minot 
S eq. sulphuretted hydrogen, which have acted on the oxide of 
lead, forming water and sulphide of lead. Sinnamine forms 
definite compounds with chlorides of mercury and platinum. It is 
a powerful base, and very bitter to the taste. 

When oil of mustard is acted on by moist hydrated oxide of 
lead, it loses both sulphur and carbon, in the proportion G8t» 
forming sulphide of lead and carbonate of lead, along with a nev 
base, sinapoline, which dissolves in hot water, in alcohol, and is 
ether. Its formula is Cu H12 Na O9 ; and it is formed from 2 e^ 
oil of mustard, with 6 eq. oxide of lead and 2 eq. water, as 
follows: 2(Ct HsNSi) + 6 PbO + 2H0 = CmHiiNj Oi + 
4PbS + 2(PbO, COi). 

When oil of mustard is acted on by an alcoholic solution of 
potash, there is separated neutral carbonate of potash ; and tha 
addition of water causes the separation of an oily liquid, which is 
in its relations analogous to oil of mustard. It appears to be Cb 
H26N3S4O4. By the action of baryta upon it, sulphide of 
barium is formed, and a basic compound not farther examined. 
The liquid from which this oil has separated contains the potas* 
sium salt of a very remarkable acid, which forms with a salt of 
lead the compound Ct N Ht S4, Pb, =« Ct H« N Ss, H S + PbR 
These compounds are produced as follows : 6 eq. oil of mustard* 
10 of water, and 2 eq. of potash, 6 (Ct Hs N Ss ) + 10 H O + 
2 K O, yield 1 cq. of the new oil. Cat Hzs N3 S4 O4, 1 eq. ammonia 
N Hs, 4 eq. carbonic acid, C4 Ot, and 2 of the new salt of pot- 
assium, 2(CtHtNS«,K). It is probable, however, that the 
first change is more simple, and that 3 eq. oil oC mustard^ 5 of 
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irafter, and 1 of potash, yield 1 eq. of an oil, Ct4 Hi4 Na Si Os, 2 
M. carbonic acid, Ca O4, and 1 of the potassium salt Cs He N 84, 
Jl, Two eq. of the oil Cu Hi4 Na Sa Oa, lose 1 eq. ammonia, and 
gire rise to the oil Oss Hts Ns S4 O4. 

These very interesting facts, important in a high degree from 
Aeir bearing on the theory of organic bases, are taken from a 
paper by Dr. Will, lately published, to which I refer the reader. 
lOr. Will points out some curious relations. Thus sinapoline, Cu 
HitNa Oa, may be derived from 2 eq. of oil of mustard and 6 eq. 
water, which yield 1 eq. sinapoline, 2 eq. carbonic acid, and 4 

S. sulphuretted hydrogen. If we now suppose 2 of the 4 eq. of 
8 to combine with 1 eq. sinapoline, they will produce the oil, 
OmHm Na Oa 8a, which is supposed to be first formed and after- 
ward to lose ammonia : while, if the 2 other eq. of H 8 combine 
with t eq. of unchanged oil of mustard they will form the acid of 
the new potassium salt : Cs Hs N Sa + 2 H 8 = Cs H7 N 84. 

Again, sjmapoline may be viewed as hyduret of benzoyle, plus 
2 eq. ammonia, CuHe Oa, 2NH3 ; and the hypothetical oil is then 
OmH< Oa, Na Hs Sa, or hyduret of benzoyle, plus 2 eq. sulphide 
of ammonium. 

The separation of the elements of bisulphide of carbon from oil 
of mustard, and the simultaneous formation of a series of basic 
eompounds, would indicate that oil of mustard might be a com- 
pound of sulphocyanogen ; since sulphocyanide of ammonium, 
when heated, gives off bisulphide of carbon, and gives rise to a 
series of basic compounds, melamine, ammeline, &c. Now it is 
▼ery remarkable that oil of mustard admits of being considered 
ss €0 Hs -h Ca N Sa , that is, the sulphocyanide of a new radical 
sDyle, Ce Hs ; of which, as we shall presently see, oil of garlic is 
the sulphide. Finally, oil of mustard may be a compound of 
hydrocyanic acid with the hydrosulphide of sulphide of acryle : 
CU Ha S, H 8 -f Ca N H. Its very pungent smell and powerful 
■ctioii on the eyes certainly rank it beside acroleine, Ce Ha 0, 
HO. The researches of Wertlieim have lately demonstrated the 
troth of the supposition above mentioned, and the oil of mustard, 
or sulphocyanide of allyle, has been formed artificially from the 
oO of garlic, the sulphide of allyle, and vice versd. 

Oil of mustard contains an indifferent nitrogenized body, myro- 
sine, which, analogous to eraulsine, yields the essential oil, after 
inaceration of the seed with water, and fermentation. The fer- 
mentation of mvrosine is prevented in tlie same way as that of 
emulsine, namely, by coagulation. The seeds also contain a crys- 
talline body, sinapisme, resembling a fat. The substance, which, 
•long with myrosine, yields the oil, appears to be myronic acid, or 
Hither myronate of potash, a body not yet fully studied. The 
se^ds of sinapii alba contain the myrosine, as sweet almonds con- 
lam emulsine ; but, being destitute of myronic acid or myronate 
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of potash, as sweet almonds are of amygdaline, they yield noii0 
of the oil. 

It has very recently been shown by Hnbatka and Wertheim, 
that the essential oils of cocklearia arrnoracia, (horse-radish), 
tochltaria officinalis^ and alliaria officinalis, consist almost entirely 
of oil of mustard, although the latter oil has also a very strong 
smell of oil of garlic, an oil which has not been discovered in it 

The essential oil of garlic, from the bulbs of allium saiivum, 
is a peculiar sulphurized compound. Wertheim has lately studied 
it, and shown that it is the sulphide of a new radical, allyle =3 
Ce H5 = All, and its formula is Ce Hs, S =A1] S. The crude oil 
contains a little of a higher sulphide, possibly AllSs, and also 
some of the oxide of allyle, C«H5 = A110, which is an oily 
liquid of an offensive smell. The radical allyle appears to enter 
into numerous combinations, and, among others, Wertneim analyaces 
the following : the sulphide or pure oil of garlic. All S ; the com* 
pounds of that sulphide with the sulphides of platinum, pal- 
ladium, and silver, 6 All S + 6 Pt Si ; 2 All S + 3 Pt Sa ; 2 All S + 
S Pd S ; and x All S + Ag S ? double compounds with the sul- 
phides and chlorides of mercury and platinum ; 3(A1I S+ PtSs) 
+ (All CI +Pt CI2); and (All S+ 2 HgS) + (All CI + 2UgCl); 
and lastly nitrate of the oxides of silver and allyle, (All O -t* Ag 
0) 4" N O5 . Our space does not permit us to do more than point 
out the existence of these curious compounds. 

The essential oil of assafoetida appears to consist of at least two 
oils, one of which, if not both, contains sulphur. It has a very 
offensive odor. It does not combine with ammonia like the oil of 
mustard. Dr. Douglas Maclagan finds, as might be expected 
from the odor, that one of the oils it contains is sulphide of 
allyle. 

The essential oils of hops, of water pepper, and of arum macmr 
latum, are believed to contain sulphur. 

CONCRETB VOLATILK PRINCIPLES, ALLIKD TO THE ESSENTIAL OILS. 

There are several substances which may be classed under 
this head ; such as hellenine, from intda kelenium, which is a vola- 
tile crystalline solid, C15 Hio Oa. With nitric acid it yields nitrohel- 

lenine, Cis < ^Vv Oa* When distilled with anhydrous phosphoric 

acid, hellenine loses 2 eq. water, yielding hellenene, a carbohydro- 

gen, CisHs. With chlorine, it yields the compound, C14 j p,.' Ot 

+ HC1. 

Asaronc, from asarum europamm, is a volatile solid, having a 
remarkable tendency to crystallize in beautifully defined forms, and 
also to pass into the amorphous condition, from which it may bd 
again brought into the crystalline state. Schmidt has very receatly 
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studied its crystallization under the microscope, and has obtained 
results which are most interesting in reference Co the formation of 
crystals in general. I must refer to his elaborate paper in the 
" Annalen der Chemie und Pharmacie," for February, 1845. Its 
composition is, CsoHis Qs. 

Anemonine, from various species of anemone, is a volatile, crys- 
tallizable solid, the formula of which is C^ Ha Oa . It forms with 
oxide of lead a compound, 3 (Cs Ha Oa ) + Pb O. With bases it 
yields anemonic acid, the composition of which is unknown. 

Cantharidine, the active principle of Spanish flics, is a volatile 
acrid solid, the composition of which is CioHe O4. 

The following plants, epidendron vaniila, quassia amara, tang* 
hkda madagascariensis, primula auncula, and primula veris, contson 
concrete volatile essences not yet analyzed. 

CAOUTCHOUC, OR OUM ELASTIC 

Caoutchouc is a substance sui generis, which in composition 
approaches more nearly to the essential oils than to any other class 
01 compounds. It is the coagulated or inspissated juice of many 
tropical trees, the chief of which is siphonia elastica (iatropha 
elastica, hevea guianensis). The juice, as it flows from the tree, is 
made to dry on moulds of clay, which are afterward broken out, 
kaving a bottle of caoutchouc. It is generally blackened by smoke, 
tmt when pure it is white and transparent. It is highly elastic, and 
the freshly cut surfaces adhere strongly if pressed together. It is 
insoluble in water, alcohol, and acids ; but it dissolves in ether, 
DapthSf coal-tar naptha, bisulphide of carbon, and essential oils. 
Its solutions in ether and coal-tar naptha, when dried up, leave the 
caoutchouc in an elastic state. On this principle water-proof cloth 
is made. Caoutchouc is much used in cnemical operations to form 
flexible connecting tubes. 

When exposed to heat, caoutchouc first melts, and then distils, 
jielding a mixture of several oily liquids, all of which, as well as 
pore caoutchouc itself, are carbohydrogens. Some of these oils 
EX>il at 90°, others at 680°, and at intermediate points. I found 
tbat one highly rectified oil, which boiled at 96°, and had the com- 
position of defiant gas, when acted on by sulphuric acid, yielded 
an oil which boiled at 428°, and had the same composition. But 
most of these oils have the composition of oil of turpentine, Cs 
H« or CioHs. One of these, called caoutchine, gives with chlo- 
rine an oil, CioHt -f CI. 

RESINS. 

Besins are generally found along with essential oils, and many 
of these oils, by the action of the air, are converted into resins. 
In this change, the essential oils lose a part of their hydrogen, 
which is converted into water, and take up some oxygen besides. 
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In fact, the resins, as a class, are acid bodies. They are insoluble 
in water, but become soft in boiling water. They dissolve in 
alcohol, and often crystallize from that solvent. 

The acid resins combine with bases ; their salts with the alcalies 
are called resinous soaps. The resins are not volatile, although 
very inflammable. They are purified from essential oils by distil- 
ling off the latter along with water ; but, as thus obtained, thej 
are generally mixtures of several resins. 

Turpentine and colophony, or common resin. Turpentine is the 
semifluid juice which exudes from many species of pintu. When 
distilled with water, it yields oil of turpentine, CwHs or C«>Hai^ 
while colophony or resin remains behind, which is Cio H? O, or 
Cm H28 O4, or, more accurately, C^oHso O4. Here the oil. Cm H«» 
has lost 2 eq. hydrogen, replaced by 2 eq. oxygen, C4oH9oOa, and 
this compound, like aldehyde, has taken up 2 eq. of oxygen to 
form the acid resin, C40 Hao O4. 

Colophony contains two different resins : resin alpha, or pinic 
acid, and resin beta, or sylvic acid. The latter is said to be Gs 
HisOa, the former, isomeric with it, C« H90O4; and their proper- 
ties are very similar, being those of colophony, which is formed of 
them. The sylvic acid is crystailizable. 

When distilled with lime, colophony yields two oily liquids, 
resineone, Cn Hn O, and resinone, C1OH0 O. 

The resin of copaiva is C40H90 O4, according to Rose ; but there 
is some reason to believe that it is isomeric with the preceding. 
A variety of it has occurred, containing C4oH94 0s,and when 
combined with oxide of lead, C40H19O6. This resin crystallizes. 

The resin of elemi contains two resins, one crystailizable. Both 
are said to be CioHisOs. Anime also contains two resins. 
Suphorbium yields a resin having the same composition as elemi. 
Benzoin contains, besides benzoic acid and a volatile oil, three 
resins, alpha, Cto H42 Om; beta, C40 H22 Oo ; and gamma, Cso H» O5 , 
The resin alpha contains the sum of the other two, and by long 
boiling with carbonate of soda, which dissolves the resin gamma 
alone, is resolved into them. 

Balsam of tolu contains, besides essential oil, benzoic and cinna- 
mic acids, and a carbohydrogen, G44H1S, a resin, CuHioOs. It 
contains the elements of benzoic ether, plus 1 eq. oxygen. When 
the balsam is distilled, per se, it actually yields benzoic ether, 
along with a new carbohydrogen, called benzo^ne, or toluole. Cm 
Ht. This last compound yields with sulphuric acid a new acid» 
Ci4 Ht Sa O5 -f. 3 H O ; and, with nitric acid, two new nitrogenized 

compounds, Cu -j 1^ q called protonitrobenzo^ne, or nitrotoluide, 

analogous to nitrobenzide, and another, binitrobenzo^ne, CuHe 4* 
SNO4. The former is isomeric with salicylamide, and wiih 
anthranilic acid, and, like the latter body, when heated with iimep 
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yields aniline. When acted on by hydrosulphide of ammonia, it 
yields another artificial base, toluidine. Witn chlorine* benzo^ne 
also yields several new products. 

Styracine, the resin of styrax, is Ca4Hn Oa. When acted on 
by nitric acid, it yields the products of decomposition of cinnamic 
acid. 

When fluid storax is distilled with water, it yields a remark- 
able oil, styrole, CieHs, which is also formed by the action of 
lieat on cinnamic acid, and is probably derived from cinnamic acid 
present in the storax. 

Styrole, when heated to 400® in a closed tube, changes into a 
solid glassy mass of the same composition in 100 parts, but the 
formula of which is CuHi, It is called metastyrole. By a 
stronger heat, it is volatilized and reconverted into the oil. Sty- 
role is analogous to benzole and toluole, and like them, forms com- 
pounds, when acted on by nitric acid, in which H is replaced by 
K" O4. — (ffofmann and Blylh). 

The resm of guaiacum is remarkable for its tendency to become 
Hoe by the contact of many different substances. It contains 
two resins, but their composition is not ascertained. Lac contains 
four resins, besides colonng matter. Dammara, mastic, dragon's- 
blood, and sandarach, are resins much used in making varnishes. 

Jalap contains two resins ; one, a soft resin soluble in ether, Qn 
Hm O18 ; and an acid resin insoluble in ether, which, from striking 
a fine red color with sulphuric acid, is called rhodeoretine, Cj2 H» 
0«. When combined with bases, it takes up 1 eq. water, form- 
ing hydrorhodeoretine, very similar to rhodeoretine, but soluble 
IB water, Cu Has O21. When rhodeoretine is acted on by hydro- 
ehloric acid, it is resolved into grape sugar, Cw H12 O12, and an 
oily liquid rhodeoretinole, CaoHsOa. This reaction places rho- 
deoretine near to salicine and phloridzine. On the other hand, if 
W6 compare 7 eq. of starch, 7 (CiiHioOio)= CriHtoOto with 2 
eq. rhodeoretine, 2 (CiaHasOio) = Cm Hto O40, we can see how 
tills resin may be formed from starch, <fec., by deoxidation. Rhu- 
barb contains 3 resins, aporetine, phaeoretine, and erythroretine. 
The two first are both C16 Ha O7 : the third is C19 H* O7. They 
are accompanied by an intensely yellow crystallizable acid, chry- 
sophanic acid, CioHs O3, or C^oHai O12. This latter substance is 
alio found in lichens, such K&parmelia parietina, aguamaria elegans, 
Ae. Copal, which of all the resins is the most insoluble, is said 
to con tarn five. Copal varnish is made by adding hot oil of tur- 
pentine to copal fused at a gentle heat. 

Turf or peat contains several resinous bodies, examined by 
Mulder. In the turf of Friesland he found four resins : alpha, C^ 
H«oO0 ; beta, CrTHerOa ; gamma, CkmHwO* ; and delta. Cm 
Hisi Oo. A lighter kind of turf from another locality yielded two 
resins ; alpha, Ca-* Hts Os ; and gamma, Cw Hm Oe. 



284 COLORINO MATTEBS. 

Resinous varnishes are made by dissolvinfi^ resins in oil of tor- 
pentine and other essential oils, or in drying oils. Spirit Tar- 
nishes are made by dissolving resins in very strong alcohol.* 

ACTION OF HEAT ON RESINS. 

When resins are distilled in close vessels, they yield a great deal 
of gas of a high illuminating power, and many volatile liquid com- 
pounds of carbon and hydrogen. 

Pinic acid yields, when heated, colopholic acid. Colophony 
yields resineine, an oil, CaoHis ; also retinaphtha, CuHs, which 
with chlorine forms a compound Cm He Cla ; retinyl^ne, CitHit, 
which with sulphuric acid yields an acid, isomeric with sulpho- 
cumenic acid, Cis Hn Sa Os, H ; retinole, Cu Hi« ; and finally a 
solid product, retister^ne, fusible at 152^, having the same com- 
position as naphthaline, CmHs. 

colorino matters containing no nitrogsn. 
1. Yellow Coloring Matters. 

The following are the most important of the yellow vegetable 
coloring matters, many of which are used in dyemg. 

Curcumine, from the root of curaima longa, is resinous, and is 
dissolved by alcalies, which change it to brown. Hence it is used 
as a test for alcalies, under the name of turmeric. Qamboge yel- 
low is extracted from gamboge, the dried juice of gardnia pamr 
hogia. It is resinous and powerfully purgative. Annotto or anatto 
is obtained from the seeas of hixa ordlana and metella Hndoria. 
CaroUne is the coloring matter of the carrot, daucus carola. Rha- 
barberine is a name formerly given to the yellow acid of rhubarb^ 
now called chrysophanic acid, which is found also in lichens as 
above stated. It has great coloring power, and yields a fine violet 
with alcalies. It is fusible and volatile : formula, Cio Ht Os. 
From occurring in parmelia parieiina, it has also been called parie* 
tine and parietmic acid. Luteoline, the coloring principle of rewda 
lutecla or woad, is volatile and crystallizable. Quercitrine, from 
the bark of quercus iindoria, is crystalline, and its composition b 
Cm Ha Os, H 0. Other yellow coloring matters are, morine, from 
moms tindoria ; safflower yellow, from carthamtis tindcriut ; 
polychroite from saffron, and others of less interest. 

* Resins and Resinoids were formerly Bupposed to contain the actire medl* 
oinal agents of all plants, bnt recent investigations have proven that the medi- 
cinal activity of plants resides in a number of principles, among which r^tina^ 
fuutral principUSf and aleaUndt are prominent. The firm of B. KErrH A Co.* 
New York, are the most successful investigators in this branch of medioal 
chemistry, and therefore manufacture reliable preparations from the omnio 
kingdom. The firm of Merrill & Co., of Cincmnati, and several other flrmai 
are now making rclia>>]e preparations, which arc coming into extensive uei 
not only in the Eclectic but the Allopathic ranks.— S. 
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2. Rbd Coiorino Mattsrs. 

Draconine, or dragon's blood, is a red gum resin, from dracccna 
draco. It Is much used to color varnishes. Santaline» the color- 
ing matter of pterocarpus sarUalinvSt is also resinous, and has an 
intense red color. Anchusine, from anchtisa tinctoria, is the source 
of the color of alkanet ; it is resinous, and yields violet vapors when 
heated. Carthamine is the red coloring matter of safflower, car- 
thamtu Hnctorius. It is a very fine and intense red, much used for 
djeiDg rose color,, for pink saucers and for rouge, at least the rouge 
fffyitale. 

Madder, the root of rtUda iinctarium, contains three different red 
coloring matters, madder purple, red, and orange. All three are 
Yolatilc, and the sublimedf crystals of roaddtr red, which are of a 
fine orange-red color, are called alizarine. This is the substance 
which yields the Turkey red dye. With alcalies it yields purple or 
violet color, with acids yellow. When dissolved in hot water or 
alcohol, alizarine yields rose-colored solutions. The composition 
of pare madder red is unknown.* 

* Wolff and Strieker have obtained from madder pure purpurine and alizarine. 
Tbo hydrated alazarine, on l)elng heated, fuses and sublimes into orunge- 
eolored neediet, insoluble in cold water, butdissolves in'boiling water, impurt- 
iiif to it a deep yellow color. The smallest trace of alcali colors this solution 
red, (a test for alcali 7) They are soluble in alcohol and ether. The alcoholic 
•olaUon Is reddened by alkali, but not the ethereal solution. Alcalies dissolve 
•faoarine, the solution being red by transmittM light, and blue by reflected 
lifht The composition of alazarine is Cao He Oe. The compounds of alaz- 
arine are: 

Alizarine, oxide lead, 2 (C:o Hs O3 ) 4- 3 Pb 0. 

" " " 3(C.oH5 05)--4PbO. 

Alizarine, lime, 2 (C« H« 0« ) - - Ca -}- 3 aq. 

« baryta, Cao He Os --2BaO. 

*« " 2(C»H80e)--3BaO-t-3aq. 

«« " 3(Cj»H6 0e)4-2BaO. 

The conversion of alhcaric into phthalie and oxalic acids by equation . 

Aliswie add. PhthaMc arid Oxalic acid. 

C»Ho Oe 4-2 HO 08 = Ci. He Oe + C* Hi 0». 

The above furthermore demonstrate, that Laurent's chloro-naphthalic acid 
li Identical with chlorinated alizarine : 

Alizarine, Cso He Oe 
Chloro-napthalic acid, C» H5 ( f\^ 

CI s 

Purpurine crystallizes from Its strong alcoholic solution in red needles , 
Imt the crystals fTom weak alcohol are fine soft orange-colored needles 
drying to a felted mass. These latter crystals lose water at 10(P. Purpurine 
is more soluble in water than alizarine, and imparts to the fluid a deeper red 
color. It fuses with heat, and finally sublimes, with u carbonaceous rcMduc. 
In caustic potassa it is cherry-red without the blue reflection of alizarine. 
Its formula Is anhydrous C^* H« Oc ; and the hydrous C " He Oe -f- HO. As 
pnrpurine contains two equivalents less of carbon than alizarine, it is probabU 
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Hsematoxylinc is the red of logwood, hoBnuxtoxylum campechianum* 
It is soluble in water and alcohol, and yields orange crystab, which 
give to water a red color, brightened by acids, and turned to a violet 
or blue by alcalies. With alum, logwood yields various shades of 
violet ; with an iron mordant, gray and black. Black cloth and 
hats are dyed with it, which is the reason they are reddened bj 
acids. According to Erdmann, pure haematoxyline is pale yellow, 
and is colored red by the atmosphere. Its formula he found to be 
Cm Hit Ois. When acted on by ammonia it yields haemateine, which 
is dark red, and forms with excess of ammonia a splendid purple 
matter. Haemateine is C40 His Oie; and the purple compound 
with ammonia is do His Oie + 2 N H3 + aq. Brazilwooa and 
Camwood yield coloring matters very similar to hsematoxyline, if 
not identical with it. 

Many flowers contain a red coloringr matter, which is turned green 
by alcalies, and is very fugitive. It is soluble in water and alcohol. 

3. Bluk Coloring Matters. 

These are chiefly found in flowers and fruits. They are very 
closely allied to the red of flowers and fruits, which are no doubt 
often derived from them by the action of acids. They are all 
turned green by alcalies, and red by acids. Such blue coloring 
matters as are more permanent contain nitrogen, and will be con- 
sidered hereafter. 

4. Green Coloring Matter. 

Chlorophyll. — This is the green of leaves. It is of a nature allied 
to that of wax, soluble in ether and alcohol, insoluble in water. It 
is very neutral or indifferent in its relations to other substances. 

Polychrome is the name uiven to a peculiar crystalline principle 
found in some vegetables, such as quassia. It gives to water the 
quality of exhibiting a curious play of colors, among which blue 
predominates, like that of the opal, when the solution is viewed by 
reflected light; 1 part will give this property to 1,600,000 of water. 
Its formula is said to be Cm Hs O9, H 6, which is the same as that 
of quercitrine, and contains 2 eq. of oxygen more than the aporetine 
of rhubarb. 

KON-AZOTIZED VEOETABLB COMPOUNDS, THE NATURE OV WHICH 

IS NOT YET ASCERTAINED. 

In this subdivision may be included a number of compounds, 
most of which crystallize and have a bitter taste, but are neutral, 
and cannot yet be referred to any particular series of compounds. 

that, by oxidation, the Utter may be converted into the former, as ahowm 
by the equation : 

Cii. He Oi -f HO -f 0«= C.6 He 0« -f- Ca H Oe. 
With nitric acid, purpuriiie yields phthalic and oxalic acids, aa is shown by 
the above equation, where, by the absorption of cigfht equivalents of xoyna, 
the alizaric acid is converted into anhydrous, phthalic and oxalic acids.— «1 
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Salicine, pbloridzine, and rhodeoretine, which would formerly have 
been here described^ are now treated of alon^ with substances 
allied to them. The substances now to be briefly mentioned have 
UBuallj been termed the bitter and extractive pnnciples of plants. 

Gentianine, irom geniianalutea, forms yellow needles, very bitter. 
lienyanthine, from menyanthes trifdiata, is bitter, but docs not 
crystallize. Absinthine, from artemma absinthium, or wormwood, 
k a semi-crystalline mass, very bitter, soluble in alcohol. Tana- 
eetine, from ianacetum tnJffare, is very similar to it. Santonine is a 
beautifully crystallizable compound, obtained from artemisia contra. 
It 18 soluble in alcohol, bitter to the taste, volatile, and colored 
yellow by the action of light. Populine, from the bark and leaves 
of populus tremula, forms white crystals, of a sweetish and acrid 
taste, colored red by sulphuric acid. It may possibly be connected 
with salicine. Liriodendrine is a crystalline bitter substance, from 
the bark of liriodendron tulipifera, Picrolichenine is an intensely 
bitter crystalline compound, found in the lichen variolaria amara. 
It is principally febrifuge. In contact with ammonia and without 
die access of air, it is changed into a reddish-yellow matter, which 
finally deposits yellow crystals, not bitter. With access of air, it 
yields witn ammonia a deep red very soluble matter. Cetrarine is 
another bitter principle, from the lichen cetraria islandica, or Ice- 
land moss. It is colored deep blue by hydrochloric acid. It is 
said also to be febrifuge. Ilicine, from ilex aquifdium, forms 
brownish yellow crystals, wery bitter and febrifuge. Syringine is 
the bitter principle of the lilac, ayringa vulgaris. It is crystalline 
and soluble in alcohol. Daphnine is a bitter crystalline substance, 
obtained from daphne mezereon, Hesperidine is a crystalline body, 
found in the spongy envelop of oranges and lemons. Elaterine is 
the active principle of momordica elaterium, is crystalline, bitter, and 
very purgative. Its formula is C20 Hu Os. Colocynthine, the ac- 
tive principle of colocynth, is amorphous, intensely bitter and pur- 
gative. Bryonine, from hryonia alba and dioica, is similar in its 
properties. Mudarine is the emetic principle of calotropis mudarii. 
It is a brown amorphous matter, the solution of which in water 
gelatinizes at 95**, and becomes again liquid on cooling. Scillitine 
IS the bitter of scilla mariiima. It is amorphous, bitter, purgative 
and emetic. Cathartine is the bitter purgative principle of senna. 
Antiarine, Cu His O5 » is the active principle of the poison called upas 
antiar. It is, when introduced into a wound, especially along with 
soluble matters, such as sugar, a most powerful poison, and hitherto 
no means are known by which its fatal action can be arrested. 

Zanthopicrine is a bitter crystalline substance from the bark of 
tanthoxylum dava herculis. It has been little studied. Picrotoxine, 
the bitter principle of menispermuni cocctdus (cocculus indicus)^ 
forms white prisms. The compasition of these is not certain, and 
recent researches seem to show that picrotoxine is a vegetable base^ 
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and contains nitrogen, like all that class of compounds. Colam- 
bine is a crystalline bitter substance, obtained from columba, the 
root of menispermum palmatum, and somewhat analogous to picrot- 
oxine. Quassine is a yellow, crystalline, and very bitter substance 
from the wood of quassia amara. Its formula is said to be C« 
Hid, Oe. Lupuline, the bitter principle of hops, is not crystalHsa- 
ble. Lactucine is a crystalline resinoid bitter substance, from the 

i'uice of laduca virosa (lactucarittm). It has anodyne properties. 
Crgotine is an uncry stall ized brown powder, extracted n-om ergot 
of rye by hot alcohol, after the fatty matters have been removed 
by ether. It appears to be poisonous, and is probably the active 
matter of the ergot. Porphyroxine is a crystallicable substance 
found in Bengal opium, its solution in diluted acids becomes red 
when boiled. It requires further investigation. Saponine is a 
peculiar principle, found in the root of saponaria cMcinatis. It is 
white, amorphous, and has a taste first sweet, then stypic, and 
finally acrid. It is a powerful sternutatory. It is soluble in water, 
and its solution, even when much diluted, froths when agitated, 
like a solution of soap. The root is used as a detergent When 
acted on by alcalies, it is converted into an acid, saponic acid, C^ 
H23 Oii. Asparagine, CsHs Ns Oe,2HO, is a crystallizabie sub- 
stance found in asparagus, in althcea officinalis, and in other plants, 
especially those c^rown in the dark. When boiled with alcalies it 
loses ammonia, N Ha , and forms aspartic acid, Ca Hj N Oe, 2 HO, 
which is a bibasic acid. The crystals of asparagine are very large, 
colorless, and transparent, also hard and brittle. Not only alcalies, 
but acids and ferments transform it into aspartic acid and ammonia. 
Smilacine is a crystalline substance, found in snulax sarsaparilla* 
Its composition is Cis His Os. In China nova there is found a sub* 
stance very analogous to smilacine, the composition of which is Cm 
H12O4 ; that is, smilacine, minus 1 eq. water. Seneguine is an 
acrid and astringent substance, found in polygala senega. It excites 
sneezing powerfully : formula, Qn His On. Guaiacine appears to 
be the active principle ofguaiacum. It is acrid and bitter. Plum- 
bagine, extracted from the root of plumbago europ€Ba, forms yellow 

Erisms, the taste of which is first sweet and styptic, then acrid and 
ot. The yellow color of its aqueous solution is turned cherry-red 
by alcalies. Cyclamine is a crystalline matter from the root of 
cyciamen europceum. It is very acrid, purgative, and emetic 
Peucedanine is a very acrid crystalline principle derived from the 
root of peucedanum officinale : formula, C4 Ha 0. Imperatorine, 
Oil Hii O5, is a crystallizabie compound, obtained from the root of 
imperatoria ostruthium. It is very acrid and styptic. Phillyiine, 
from the bark of various species oi phillyrta, crystallizes in silvery 
scales, which are bitter. Fraxinine, from the bark of fraxinui 
excelsior, is a crystallizabie bitter principle. Tan^^hine is a similar 
substance from tanghinia madaga$earien$ie. It is poisononi. 
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MelampyriDe is a tasteless, neutral, crystalline substance, from 
mdampyrum nemarosum, Meconine is a neutral, crystalline com* 
pound contained in opium. It is soluble in water, alcohol, and 
ether. It is acrid to the taste, fusible and volatile : formula, Cio 
Hs O4. With nitric acid it yields nitromeconine or nitromeconic 
acid, CaoHo N Oi2. As meconine may be CaoHioOs, nitromeco- 

nine ^ ^ •{ mq Os; in which 1 eq. hydrogen is replaced by 1 

eq. nitrous acid. Chlorine transforms meconine into crystals con- 
taining chlorine, which, however, by the action of alcalies, yield 
an acid free from chlorine, mechloic acid, ChKi Oio? 

Cubebine, C34H17O10, is a crystalline compound contained in 
eubebs. Olivile, CitHs H4, is a crystallizable acrid substance, 
found in the gum of the olive-tree. Olivine is another crystalline 
matter found on the leaves of the same plant. It is bitter. 
Cnicine is a crystalline matter, found in centaurea benedicia, and in 
the numerous family of the cynarocepkalece. It is neutral and 
fitter, and very similar to columbine. Its formula is Ck His Oio, 
or Ca Hn Ois ? and in some respects it approaches to salicine and 
phloridzine ; but it requires further investigation. Limonine, or 
limone, a bitter crystalline matter found in the seeds of oranges, 
lemons, <&c., is 042 H25 On, when reduced to 42 eq. carbon. This 
would be cnicine, minus 2 eq. water. Angelicine is a crystallized 
eompound found in angelica root. 

Besides the above, which have merely been briefly catalogued for 
want of space, at least an equal number of substances, ch icily crys- 
tallizable, and either bitter, acrid, or in a few cases tasteless, have 
been extracted by various chemists from many different genera 
and species of plants, but have been so little examined hitherto 
that we cannot safely describe them as distinct and peculiar. 

NrntOGKNIZED COLORING MATTERS, AND ALLIED SUBSTANCES. 

There are several fine and valuable colors, which contain nitro- 
gen as an essential element, and probably in the form of ammonia 
or amide. Such colors are archil, litmus, and cudbear, derived 
from certain species of lichens ; and indigo, derived from the juice 
of various plants, especially different species of indigofera. All 
these colors are derived from colorless compounds, frequently of 
an acid nature, by the combined action of air and ammonia. Of 
these colorless substances, the most important are, lecanoric acid, 
erythric acid, and orcine. 

1. Lecanoric Acid, or lecanorine, occurs in lecanora tartarea, 
varidaria laclea, and other lichens. It is extracted by ether, 
along with another acid, parellic acid, and a fatty matter colored 
ffreen by chlorophyll. It forms minute white crystals, insoluble 
m water, soluble in alcohol and ether. Its formula is Ois Hs Os* 
HO =s OitHf Of . When heated to %W it becomes anhydrous, 
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CisHt Ot. When heated with alcalies, such as baryta, a ear^ 
bonate is deposited, and a sweet substance remains dissolved, 
which crystallizes on evaporation. This is orcine, which it 
formed along with carbonic acid, according to the following 
equation : 

Cm Hi Os=2COa-|-Ci6H8 04. 

Anhydroos lecsoorie SfCkL Anhydrooa ordne. 

The same change takes place when lecanoric acid is boiled with 
water, and for this reason orcine alone is obtained when the 
lichens arc extracted by that solvent. 

By the combined action of air and ammonia, lecanoric acid is 
gradually changed into a deep rich blue or purple mass. Here 
orcine is first produced, and by the action of ammonia on that 
compound, orceine, the blue compound, is formed. When heated^ 
lecanoric acid yields a sublimate of anhydrous orcine. When 
boiled with alcohol, it is gradually converted into the following 
compound. 

2. Lecanoraie of Oxide of EUtyle. Stn. Psevdoerythrine ^ 
Heertn ; Erythrine of Kane. — This compound is formed whes 
lecanoric acid and the lichens containing it are boiled with alcohol. 
It is soluble in hot water, from which it crystallines on cooling, and 
the solution, after long boiling, contains orcine. It may be sub- 
limed unchanged, and when boiled with alcalies it yields alcohol^ 
carbonic acid, and orcine. Its true nature was discovered by 
Schunck, who also first detected lecanoric acid. It formula is Cii 
His Oo = C4 Hs O + Ci8 Ht 0«. 

Lecanorate of oxide of methyle is analogous to the preceding 
compound. 

3. Orcine forms large transparent crystals, is very soluble ill 
water, and has a sweet taste. When anhydrous, it may be dis- 
tilled unchanged. When mixed with ammonia, and exposed to 
the air, it s^radually acquires a deep blood-red color, forming a 
nitrogcnized coloring matter, orc6ine, soluble in ammonia with a 
deep red, in fixed alcalies with a rich violet color, the formula of 
which is CieNHo Ot. The production of anhydrous orcine ftrom 
lecanoric acid, by boiling with baryta, or even by boilinn; with 



water, has been described above. But the crystals of orcine, 
deposited from its aqueous solution, are a hydrate, Cie Hn O7 = Cm 
H» O4 + 3H 0. It is this hydrate which, with the addition of 6 
eq. of oxygen, and 1 eq. of ammonia, yields orceine and water. 

Ci6Hn07+05 + NH3 = CieNH»07+6H0. 

Ilydrsted orcine. Orceine. 

Orcine forms with oxide of lead a compound, the formula of 
which is C16 lit O4 + 3 Pbo. 

4. Parelltc Acid, — This acid accompanies lecanoric acid. It 
forms either minute crystals, the formula of which is On Hf Om^ 
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or large hydrated crystals, which are transparent and of great 
denntiy* The formula of the latter is Csi H9 On =s OnHs Oio, 
HO. When heated to 212^, both kinds lose water, and become 
GbiHt Oo, which b probably the formula of the anhydrous acid. 

With ammonia, parellic acid becomes brown, and when heated 
with fixed alcalies, it yields carbonic acid, and other products, not 
inTestigated. 

5. Erythric Acid, Stn. Erythrine of Heeren ; ErythrUine of 
Kane; Orcino-lecanoric Acid, — This acid is found in parmdia 
rocceUOf and roccella tiTictoria, the latter bein? the lichen which 
yields the best archil. It may be extracted by hot water and 

r'fied by alcohol. It crystallizes from alcohol in stellated groups, 
solutions are decomposed by boiline, yielding a bitter com- 
pound, picroerythrine. When heated it yields a sublimate of 
ordne, and when boiled with alcaKes it is resolved into carbonic 
acid and oroine. When boiled with alcohol, it yields lecanorate 
of oxide of ethyle. All these facts indicate a close relation to 
lecanoric acid, and Schunck, who discovered the erythric acid, has 
pointed out that its formula, Cs4 H19 O15, represents a compound of 
1 eq. lecanoric acid and 1 eq. ordne. It b probably, tnerefore, 
a coupled acid, orcino-lecanoric acid. 

CiiHt 0« + C16 Hii Ot = Cai H19 O15. 
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Lecaoorio add. H jdrated oroiiie. Ordno-lecuiorio add. 

It combines with 4 eq. of oxide of lead, three of which proba- 
hlj unite with the orcine, and the fourth with the lecanoric acid. 
¥^en boiled with alcohol, it is resolved into lecanoric acid, which 
imites with oxide of ethyle, and orcine, which is found in solution. 
It must -also yield orcine in large quantity when boiled with baryta, 
fai which case it loses 2 eq. of carbonic acid, and takes up 3 eq. 
of water. 

C34HifOi5 4- 8H0 = 2(Ci6Hii07) 4- 2COa. 

S ■ y III/ V y / 

XryUirIc add. Iljdrated ordne. 

In* other words, the orcine, ready formed, is separated, and the 
lecanoric acid undergoes the change formerly described. 

Erythric, or orcino-lecanoric acid, is the most important of all 
the principles foimd in lichens ; but from the facility with which it 
it altered by boiling with water or alcohol, but little of it can be 
extracted unchanged. When acted on by ammonia, so as to yield 
the blue matter of orchil, the lichens containing this acid obviously 
yield* a lart^e proportion of the compound of orceine with ammonia, 
on which the color depends. Hence their superior quality. 

Variolarine is the name given to a substance obtained by Robi* 
qiiet, from varidaria dealbata. It has been little studied, and is 
probably identical with some of the compounds above described. 

16 
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6. Picroeryihrine, Stn. Erythrin-hiUer of Heeren; Jtmrnf- 
thrine of Kane, — This compound is formed when erytbrid acid, 
or the ]ichens containing it, are boiled with water, and is the cause 
of the bitter taste of the decoction. When boiled with barytSy il 
yields orcine and carbonate of baryta, and when heated, it yields 
a sublimate of orcine. This is easily explained by its formnlSt 
which is C34 Hm 0«o, that is, erythric acid, plus 5 eq. of water. 
For the exact knowledge of all the preceding substances we are 
indebted to the recent researches of Schunck. 

7. Umic Add, — This acid is found in many lichens, such as 
lichen rangifermiua, and in many species of u$nea, ramalina, parmt' 
lia^ biatorat lecidea, aledora, evemta, and eladonia. It is extracted 
by ether, and forms sulphur yellow crjrstals, insoluble in water 
and alcohol. Like the other acids of the lichens, it yields colored 
compounds under the influence of air and ammonia or 6xed alca- 
lies ; but these appear to contain no nitrogen, and are not blue or 
purple, but red. It cannot be made to yield orcine, so Oeu" as is 
yet known. Its formula is Cx Hit Ou, which corresponds to 2 eq. 
of lecanoric acid, plus Ca H3, and minus Os. 

9. Chrysophanic Acid. — This is another crystallisable aeid 
found in parmelia parietina. It forms golden-yellow crystals, and 
with alcoholic solutions of potash and ammonia, yields a splendid 
red color. Its formula is Cio Hs O3, that is ^ of (CnHie) naph- 
thaline, plus 3 eq. of oxygen. Its salts are blue or riolet when 
dry, red in solution. This acid has also been found in rhubarb 
by Schlossberger and Doepping. This and the preceding acid 
were discovered in the lichens by Rochleder and Heldt. 

9. Archil contains, according to Kane, two blue compounds, 
which he calls alpha-orc^ine and beta-orc^ine, CnHioNOs, and 
C» Hio N Os ; besides a third, of an acid nature, erythroUic aeid, 
CtflLiOs. 

10. Litmus contains, according to Kane, a red fluid, erytbro- 
leine, G11H22O4 ; and three solids, of a purple color, erythroUt- 
mine, C26H23 Ois ; azolitmine, which contains nitrogen, and is the 
principal constituent of litmus ; and spaniolitmine, Cis H7 On. 
According to Gelis, litmus contains three coloring matters* one 
soluble in ether, which is orange-red ; one soluble in alcohol, blood- 
red, and one soluble in water. The second is the chief ingredient 
of the dye. All give blue compounds with alcalies. 

1 1 . PMoricUiine is the deep blue compound formed from phlo- 
ridzine by the action of air and ammonia. Its formula is Oti H0 
Nf Oji. 

13. ISDIGO. 

This valuable dye has been long known; but it is only since 
1827 that its chemical relations have been accurately studied. No 
substance in the whole range of chemistry has yielded a greater 
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TRiiety of most interesting products ; dnd the study of the meta- 
morphoses of indigo has already thrown much light on the laws of 
the decomposition of organic substances. For what is known on 
this subject, we are indebted, first, in point of time, to Chevreuil, 
Runge, Walter Crura, Liebig, Berzelius and Dumas; more lately, 
and in an especial manner, to the comprehensive researches of Erd- 
mann, Fritzsche, and Laurent; the last of whom has made known 
several interesting series of new compounds derived from indigo, 
and has both confirmed and extended, as well as corrected, in some 
cases, the previous results obtained by Erdmann; still more recently, 
Hoffmann and Muspratt have greatly extended our knowledge of 
the derivatives of indigo. 

Indigo is obtained from various plants, chiefly of the genus indi- 
^/era, as / iindoriaf anil, arge^Uea, <&c, but hIso of other genera, as 
n$num, isatis, pergtdaria, gymnema, pdygcnum, Uphrona, amor- 
pha, and others. In the juice of these plants, it exists in the form 
of a colorless soluble compound, probably a compound of white 
indigo with an alcali. When exposed to the air, it isconverced into 
the blue compound, and becomes at the same time insoluble, just 
as in aq artificial solution of white or reduced indigo in an alcali. 
The manufacture of indigo is not thoroughly understood, but it 
would appear that ammonia, as well as air, contributes to the form- 
ation of the color, probably by converting into white indigo some 
compound present in the fresh juice, the nature of which, however, 
tt still uncertain. In the Antilles, in the East Indies, the leaves are 
made to ferment in water, during which much ammonia is formed, 
and the indigo is found in the soluble state, ready to become blue 
and insoluble by absorbing oxygen. But in North America, the 
dried leaves are infused in warm water, or boiled with water till the 
fiquid becomes green, when, on exposure to the air, it deposits blue 
insoluble indigo. Here the same change must, in great part at 
least, have taken place during the drying, as during the fermenta- 
tion of the other process. 

The indigo of commerce is a deep blue powder, often cohering 
in cakes, and exhibiting, when polished by rubbing with the nau 
or any hard substance, a coppery color and lustre. It is tasteless 
and inodorous, insoluble in water, and nearly so in alchol and ether. 
It may be purified by treating it successively with boiling diluted 
sulphuric acid and with water, which remove a glutinous matter ; 
with aqua potassa, at a gentle heat, which dissolves a brown col- 
oring matter ; and with boiling alcohol, which takes up a red 
coloring matter. When fresh alcohol becomes no longer red, but 
blue, the indigo is as pure as it can be made by such means. 

To purify it still farther, it is digested with water, lime, and grape 
or starch suflfar, which deoxides or reduces the indigo, while the lime 
combines with the reduced indigo, forming a soluble compound, of 
a wine-yellow tint This being filtered into dilute hydrochloric 
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acid» which removes the lime, deposits pure indigo as a Utte poir- 
der. Cloth steeped in the above solution of indigo, and exposed 
to the air, is quickly dyed blue, as the indigo, at the moment of 
being rendered insoluble, combines with the tibre of the cloth, to 
which it adheres very firmly, so that it cannot be washed away. If 
indigo, m-ape sugar, soda and alcohol be digested together in proptf 
proportions, a yellow solution is obtained, which when exposed (o 
air, deposits pure indigo in crystals. — (FriUsche). 

Pure indigo, when rapidlv heated on a slip of platinum, volatilses, 
yielding purple vapors, which condense m purple crystals on a 
cold surface. These crystals are called indi^otine ; but they are 
nothing else than sublimed indi&^o, and have all the chemical char- 
acters of pure indigo. When distilled, indigo yields, among other 
products common to all nitrogenized organic matters, a very curioot 
oily liquid, of powerfully basic properties, and forming salts with 
acids which crystallize with sin^lar facility. This base is aniline* 
(benzidam, crystalline, kyanol,} and is found in the oil of coal-tar» 
as well as in the products of distillation of many nitrogcnixed 
bodies. 

Oil of vitriol dissolves indigo with a deep blue color, forming two 
blue acids. This solution is much used in dyeing. Nitric acid, 
chloric acid, chromic acid, chlorine and bromine, all dissolve indigo, 
giving rise to oxygenized and chlorinized or brominized product^ 
all of which are yellow and orange-colored. When boiled with 
strong aqua potassa, indigo is also oxidized and dissolved in the 
form of new acids. 

When placed in contact with deoxidizing or reducing agenn^ 
such as protosalts of iron, tin, and manganese, or honey and grape 
sugar, along with an alcali, such as soda or lime, indigo is decolor** 
ized and dissolved in combination with alkali. The addition of di* 
luted hvdrochloric acid, air being carefuUy excluded, precipitatat 
reduced or white indigo. 

White or reduced indigo, CieHeNOa, obtained as above 
described, is a crystalline powder of a dirty white, which, if 
washed with water previously boiled to expel air, and cooled ia 
closed vessels, and dried in vacuo, is bluish externally, but gray 
within. The blue parts being removed, the remainder is reduced 
indigo. When moist, it very rapidly passes into blue indigo, 
oxygen being absorbed : when dry, the change is more slowly 
eifected. It is insoluble in water and acids, very soluble in alca- 
line solutions ; its solutions, if exposed to the air, deposit pure 
indigo blue, as a powder. 

The first accurate analvsis of indigo blue was made by Walter 
Crum ; and his results have been confirmed by all succeeding 
experimenters. The formula now adopted for indigo, as agreeing 
best with its numerous metamorphoses, is one first proposed by 
Dumas; namely, CicUsNOa. This formula is the same with 
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that of cyanide of benxoyle, or of benzile, Ch Hs Os + Ca N = Cm 
H»NO.. 

The relation of white indigo to blue indigo is, according to one 
view, the same as that of hyduret of benzoyle to benzoyle, or of 
alloxantine to alloxan. Thus we have, 

• 

Benzoyle . CuHs Oa Hyduret of Benzoyle CuHs Os-f-H 
Alloxan . Cs H4 Na Oio Alloxantine . . . C8H4NsOio4-H 
Indigo blue Cm HsN Os Indigo white . . . CieHsN Oa+H 

Accordins^ to another hypothesis, white indigo is the hydrate 
of an inferior degree of oxidation of the same radical of which 
blue indigo is the higher oxide. Blue indigo, on this view, is Cm 
Hs N H- Of , and white indigo is a hydrate, Ci« Hs N + + H 
This latter view is the more probable, not only in regard to indigo, 
but also in regard to alloxan, for, assuming uryle to be Cs Na O4 
=« Ul, alloxan will be Ul + Oa + 4 H 0, and alloxantine will be 
Xn+0 + 6H0. 

The action of grape sugar, in reducing indi^, tells in favor of 
the latter hypothesis. For if white indigo is blue indigo plus 
hydrogen, this hydrogen, is derived from water, the oxygen of 
which must have combined with the hydrogen of the sugar ^to 
eonyert the sugar into formic acid, which is produced in tnis 
operation). Here, then, we should have oxygen leaving hydrogen 
to combine with hydrogen, or, in other words, water produced and 
decomposed at the same time, which is in the highest degree im- 
probable. To demonstrate this, let the radical of indigo be assumed 
to be anyle = Ci« H5 N = An : let blue indigo be An Oa and white 
indigo An Oa , H, or An 0, H 0. Then 1 2 eq. of blue indigo, 1 2 of 
water, and 1 of grape sugar, act on each other, and, according to 
the view which makes white indigo the hyduret of blue indigo, the 
reaction is as follows: 12 An Oa + 12 HO + CisHnOit^ 12 
(An Oa, H) + 6 (Ca H O3 ) + 6 H O. In this explanation it is 
evident that 6 eq. of oxygen have quitted hydrogen to combine 
with hydrogen. On the other view, the reaction is as follows, 
free from any such absurdity : 12 An Oa + 12 H + C12 His Oi« 
3=12AnO,H0 4-6(CaH03) + 6 HO. Here the 12 eq. of 
deutoxide of anyle (blue indigo) lose 12 eq. oxygen, which are 
replaced by 12 eq. water ; and the 12 eq. oxygen acting on the 
sugar, 6 eq. take 6 eq. hydrogen, forming water, and 6 eq. con- 
vert the residue into formic acid. The student will bear in mind 
that Ca H O3 is the formula of formic acid, and Cit H12 O12 that of 
dry erape sugar. 

We shall therefore consider white indigo as the hydrated 
protoxide of anyle (CieH« N, + HO,) and bhie indigo as 
the anhydrous deutoxide (CieHsN, Oa). White indigo forms 
compounds with bases, in which, no doubt, its hydratic water is 
replaced by an equivalent of metallic oxide, as in the general 
Emilia, Cm Hs N, + M O. 
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ACTION 07 BULPBUBIO AGID ON INDIGO. 

When powdered pure indigo is added to 16 parts of oil of rit- 
riol, and gently wanned, a deep blue solution is formed, which 
mixes per&ctly with water. But if only 8 or 10 parts of acid are 
used, the addition of water causes the deposition of a purple 
powder, while a blue solution is obtained. The purple powoer, 
which, although insoluble in dilute acid, is soluble in pure water, 
is sulphopurpuric acid ; the blue solution contains two acids, sul- 
phoindigodc and hyposulphoindigotic acids. When neutraliied 
with potash, these acids form salts, which separate from the liquid 
when it is saturated with any alcaline salt, such as acetate or car- 
bonate of potash. The two blue salts may be separated from each 
other by alcohol, but the composition of the hyposulphoindigotate 
of potash is not known. The sulphoindigotate appears to be^ 
strictly a hyposulphoindi^tate, and its formula is in all probabili- 
ty C16H4 N Oa, Sa O5 + KO. Here the indigo has lost 1 eq. 
of hydrogen, and the 2 eq. sulphuric acid 1 eq. oxygen. Dumas' 
view, according to which the salt is a double sulphate, analogous 
to sulphovinate of potash, Ci« H4 N O, S O3 + K O, S Oa, is not 
supported by the chemical relations of these substances. Dumas 
conjectured that indigo blue was analogous to alcohol, and that its 
formula was Cie H4 N, O + H 0, the body CieH4 N, 0, being 
analogous to oxide of ethyle. But, as already stated, this view is 
far-fetched, and does not agree with the chemical relations of 
indigo. It would make, for example, white indigo Cm H4 N, O + 
H + H 0, or C16 N H4 4- 2 H 0, both must improbable formulao. 

^he blue solution of indigo in oil of vitriol, if diluted and 
digested with flannel or woolen cloth, is entirely deprived of blue 
color, white the cloth is so effectually dyed that the color cannot 
be washed out. It can, however, be dissolved from the cloth by 
carbonate of ammonia, and by this means the sulphoindigotates 
of ammonia, and from these the other salts of the blue acids, are 
prepared. 

The sulphopurpuric acid, according to Dumas, contains the ele* 
ments of 2 eq. sulphuric acid and S eq. indigo, and neutralizes 
only 1 eq. of base. But the indigo in it has probably lost 
hydrogen,, (while the acid has lost oxygen), or hydrogen and 
oxygen. 

PRODUCTS OF THE OXIDATION OF INDIGO. 

Isatine, CWH5NO4. — This interesting compound, which is 
blue indigo plus 2 eq. oxygen, is formed by digesting indigo along 
with water, sulphuric acid, and bichromate of potash, or by heat* 
ing indigo with weak nitric acid. It dissolves, and the solution on 
evaporation deposits aurora-red crystals of isatine, sparingly solu- 
ble in cold water, more soluble in hot water and in alcohol. By 
Uie action of chlorine, it yields two compounds in which hydrogen 
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18 partially replaced by chlorine. It may be volatilized if heated 
on a plate of metal. When acted on by a strong solution of pot- 
ash, isatine is dissolved with an intense violet color, which on 
addition of water and evaporation changes to yellow, and the liquid 
depof^its pale yellow crystals, which contain potash, united to 
a new acid» isatinic acid, formed from isatine by the addition of 1 
eq. water. When separated from its salts by stronger acids, isa- 
tinic acid is at once resolved into isatine and water ; but if isatinate 
of lead be decomposed by sulphuretted hydrogen, and the filtered 
solution evaporated spontaneously in vacuo, the acid is obtained as 
a white flocculent powder, which, when dissolved in boiling water, 
instantly becomes red, and the solution on cooling deposits crys- 
tals of isatine. Isatinic acid is CisHs N Os H 0. Its salts have 
the formula Cm Ha N Os , M 0. The violet-colored compound first 
formed when isatine acts on potash, is a compound of isatine and 
potash, which, when heated with water, soon passes into isatinate 
of potash. With sulphurous acid, or rather sulphites, isatine 
forms salts of the formula Cie Hs N O4, 2 S Oa + M ; which 
m^ be formed also by the action of sulphurous acid on isatinates. 
Dj the action of chlorine, isatine is converted into two com- 
pounds, chlorisatine and bichlorisatine. When chlorine is passed 
through isatine or indigo suspended in water, both these compounds 
are formed, and they are separated by crystallization, chlorisatine 
being the least soluble of the two. 

Chlorisatine, Cm -Irn^^O^, forms transparent orange-yellow 

fonr-dded prisms, isomorphous with isatine, and very analos^ous to it 
in all respects. When acted on by potash, there is first formed a 
deep red solution, which when heated soon becomes yellow, and 
on cooling deposits brilliant pale yellow crystals of chlorisatinate 

of potash, Cm -j^,' N 0«, KO, a salt perfectly analogous to isa- 
tinate of potash, and contaimng an acid, chlorisatinic acid, which 
18 chlorisatine plus 1 eq. water, CieHs ClNOs. Like isatinio 
acid, when separated from its salts it is speedily resolved into chlor- 

isatine and water. Chlorisatinate of silver. Cm -jni' ^ Os, Ag 0, 
forms yellow crystals, soluble in hot water. Chlorisatinate of 

trr 

baryta. Cm •< ^j.* N Os , Ba 0, -|- 3 aq., forms golden yellow tables. 
Chlorisatinate of lead, Cm -jp/ NOs, Pb 0, when first precipi- 
tated from the salt of potash by nitrate of lead, forms a gelatinous 
yellow precipitate, which soon becomes flocculent, acquiring a 
splendid scarlet color. The red salt is crystalline, the yellow 
amorphous. Chlorisatinate of copper forms at first a brownish 

Jellow bulky precipitate, which soon changes to a heavy granular 
lood-red powder. 
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Like the isadnates, the cblorisatinates combine with the sulphnr- 

ous acid, forming salts of the formula Cie -jp/ N O4, 2 S Os + 

M 0. In short, the analogy between isatine and chlorisatine, isa- 
tinates and cblorisatinates, <&c., is such as to furnish a very beauti- 
ful example of the substitution of chlorine for hydrogen, while the 
type or chemical character of the compound is unaffected. In 
bichlorisatine, we shall see an additional example of the same tmth* 

Bichlorisatine, C16 <p^ NO4, is formed along with the pre- 
ceding compound. It is more soluble than chlorisatine, but is 
otherwise remarkably similar to it. With aqua potassse it first 
forms a deep red solution (here, as in the case of isatine and chlor- 
isatine, a compound of it with potash), which, when heated, 
changes to yellow, and on evaporation yields yellow scales of a 
salt composed of potash and bichlorisatinic acid. The acid may 
be separated by stronger acids as a yellow powder, which, when 
dissolved and warmed, is resolved into bichlorisatine and water. 

Its formula is C16 j^j*^ N 0«, H 0. The salt of baryta, Cw 

iCl^ NOsjBaO, forms golden-yellow needles. The salt of 

copper is at first bulky and brown, but soon becomes greenish- 
yellow and crystalline, and finally, a heavy granular powder of a 
fine carmine red color. 

Bichlorisatine with sulphites forms compounds analogous to 
those above mentioned ot isatine and chlonsatine. In this case 
also, therefore, the type is perfectly retained, although 2 eq. of the 
hydrogen of isatine have been replaced by chlorine. 

Bromine acts on isatine, and forms two compounds, bromisatine 
and bibromisatine, entirely analogous to chlorisatine and bichlori- 
satine, forminc; bromisatinic and bibromisatinic acids, and also 
compounds with sulphites analogous to those just mentioned. We 
have, therefore, from isatine and isatinic acid, by substitution, the 
following compounds : 

Isatine C16 Hs N O4 

Isatinic acid . . . . Cie HtN0«4-H0 

Chlorisatine . . . . Cw < ^j* N O4 1 

Chlorisatlnic acid . . C» | ^j* N 0« -f H O 

Bichlorisatine . . . Cw iSi'N04 

BichlorisaUnic acid . Cm < !?,^ N 0« -I- H O 

f ^la 

Bromisatine . . . . Cw <„^N04 
Bromisatinic acid . • Cm j j^^' N O5 -f H O 
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Bibromisatine . • . Cie < ^ N O4 

Bibromisatinic acid . Cie j ^^*^N O5 + H O 
Isatinosulphitea . . Cie H5 N O4 , 2 S Oa + M O 
Cblorisatinosulpbites Cie J ^j* N O4 , 2 S Oa + M O 

BichlorisatinoBulphiteB Cie j ^j* N O4 , 2 S Oj + M O 

BromiBatinosulphites C » j ^^^ N O4 , 2 S Os -f M O 

Bibromisatinosulphites Cie j ^^'^ N O4 , 2 S Oa + M O. 

Hoflfman has lately shown that isatine when heated with potash, 
yields aniline, Tsee aniline), and that cbloHsatine, bromisatine, &c,, 
when treated m the same way, yield compounds of the type of 
aniline, in which hydrogen is replaced by chlorine, bromine, or 
both. Some of these compounds retain the basic character, and 
ttre therefore yery interesting, as the first examples of such chlo- 
riniaed or brominized bases. A table of the compounds derived 
by substitution from aniline is given under that substance. Here 
we have only space to mention that chloraniline, dichloraniline, 
bomaniline, and dibrom aniline, are crystalline volatile bases, 
fonntng crystallizable salts, and very analogous to aniline : while 
in triculoraniline, tribromaniline, chlorodibromaniline, the basic 
character is lost. 

Isatyde, CicHs N O4 = CmHs N O4, H, is formed when an 
alcoholic solution of isatine is acted on by sulphide of ammonium. 
It is a gray crystalline powder, and may be considered to represent 
isatine plus 1 eq. hydrogen. 

Sulphesatyde, CisHo N j a^ is isatyde, in which 2 eq. oxygen 

are replaced by sulphur. It is formed by the action of sulphur- 
etted hydrogen on isatine dissolved in alcohol, and is a grayish- 
yellow amorphous powder. Sulphisatine is the name of a compound 
obtained in the same way by Erdmann, which he considers to be 
different from sulphesatyde. 

Chlorisatyde, Cie 1 ni* N O4, is a white powder somewhat crys- 
talline, obtained by the action of sulphide of ammonium on 
chlorisatine. It is perfectly analogous to isatyde. By the action 
of sulphuretted hyclrogen on chlorisatine, a compound is formed 

!H* 
Q. NS4; that is chlorisatyde, in which all the 

oxygen is replaced by sulphur. 

Bichlorisatyde, C16 \ ^^ NO4, and bibromisatyde, Cie •< ^ 

NO4, are perfectly analogous, in formation and properties, to 
dilorisatyde. 
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Salpbasatyde* Ci6 Hs N -j q ' is formed by the action of potash 

on sulphesalyde, from which it differs in having only 1 eq. oxygen 
replaced by sulphur. It is a white crystalline powder. 

Indine, Cie Ho N Oa is a crystallized substance of a beautiful 
rose color, formed by the action of potash on sulph^satyde, along 
with the preceding ; or by the action of potash on sulphasatyde or 
isatyde. In the last case isatinate of potash is also formed : thus, 
3(C.6H6N04) + 2KO = 2(KO,Ci6HaNOf) + Ci6HflNOi. 
It is sulphesatyde, minus 2 eq. sulphur, and is also isomeric with 
white indigo. It is decomposed by nitric acid and by bromine, 
which give rise to new products. 

When indine, moistened with alcohol, is covered with a lukewarm 
solution of potash, it forms a black solution which in a few mon^nts 
becomes a semi-solid mass of black needles, which are a compound 
of potash with indine, or rather with indinic acid, an acid formed 
from indine, like isatinic acid from isatine, by the assimilation 
of 1 eq. water, and which is very easily again resolved into indine 
and water. 

Hydrindine is a yellow crystalline compound formed by heating 
indine, sulphasatyde, or isatyde with potash. Its composition is 
Gss Hi3 Na Os, that is, 2 eq. indine plus 1 eq. water; and when 
strongly heated, it is resolved into indine and water. It is not com- 
posed of these substances, however, for it forms with potash a white 
salt, hydrindinate of potash. The acid in this salt appears to be 
formed, like some of those already described* by the addition of 
water to hydrindine ; its formula is probably Cie His Na Ot ,2 H O* 

Nitrindine, Cie H4 N2 O7, is a beautiful violet-colored powder 
formed by the action of nitric acid on indine and hydrindine. 
It is indine, in which 2 eq. hydrogen are replaced, one by oxygen 

the other by nitrous acid. Cm ^ N O4 V N Oa. 

Chlorindine, Cie < ^,* N Oa+ 2 H 0, is a powder of a dirtf 

violet color, formed by the action of heat on chlorisatyde. 
Analogous compounds are obtained from bichlorisatyde and bi- 
bromisatvde. Bichlorindine is like chlorindine. Bibromindine it 
very dark red, and dissolves in alchohol with a fine purple eolor. 
The action of potash on isatyde appears to be the type of its 
action on chlorisatyde, bromisatyde, bichlorisatyde, and bibromisa* 
tide. When isatyde is acted upon by potash, it yields isatine (or isa- 
tinate of potash); indine (or indinate of potash); andhydrindme (or 
hydrindinate ot potash). 6 eq. isatyde, (6 C16 He N 64 ) are equal 
to 4 eq. isatine (4 Cie Hs N O4 ) -f 2 eq. indine (2 C16 He N Oal-f- 
4 eq. water : or they are equal to 4 eq. isatine (4CifH3N04)-hI 
eq. hydrindine ( Cs Hu Na Oe ) + 3 eq. water. Both changes prob* 
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ably occur, and the three compounds, isatine, indine, and hjdrin- 
dine, alike take up the elements of water to form the acids, which, 
to avoid confusion, are not here expressed. Now there is good rea- 
son to believe that precisely analogous changes occur when potash 
acts on bichlorisatyde and on bibromisatyde, each yielding three 
corresponding compounds, and three acids derived from these. 
The reader, oy strictly following the analogy of the iprmulse given 
above far the action of potash on isatyde, will easily be able to con- 
struct the equations for the other analogous cases. 

When sulph^satyde is acted on by bisulphite of ammonia, there 
is formed, among other products not fully investigated, a salt formed 
of ammonia united to a new acid, sulphisatanous acid, quite diflfer- 
rent from the acid in the salts formed when isatine is acted on by 
sulphites. This new acid is Cie Ho N O3 , 2 S Oa + H 0, or perhaps 

rather, C16H0N -joso ( "t"^^* ^^^^ ^^' sulphesatyde, in which 

the 2eq. of sulphur have been replaced by 2 eq. sulphurous acid. 

The action of bisulphite of ammonia on sulphesatyde some- 
times gives rise to the formation of different products : among others, 
to an insoluble white powder, isatan, Cit Hs NO3, which when 
heated yields isatine and indine, 3 (Cie Hs N O3) = C16 Hs N O4 
+ 2(Ci6H« N Oa) + HO. Both indine and nitrindine, when 
acted on by bisulphite of ammonia, appear to produce compounds 
analogous to those derived from sulphesatyde. 
^ Chiorindopten is the name given by Erdmann to a volatile crys- 
talline substance, formed along with the chlorisatine and bichlor- 
isatine, when chlorine acts on indigo. When the chlorinized mass 
is distilled with water, this substance passes over in white crystals, 
which are acid, and evidently a mixture of two substances. When 
this chiorindopten is heated with potash, a neutral substance passes 
over, in white crystals similar to the original ones ; this is chlor- 
indatmit ; while the potash retains an acid of a disagreeable odor, 
chlorindoptenic acid. 

Chlorindoptenic acid, Ci« H4 CI3 0, H 0, is separated from its 
potash salt by acids, as a white flocculent matter of a very disa- 
greeable odor. Laurent has identified it with his chlorophenisic 
acid, an acid derived from coal-tar by the action of chlorme, and 

i H i 
makes its formula C13 \ p,^ [ 0, H O. Chlorindatmit appears to 

be trichloraniline, Cia j p/ > N. — [H(ffmann), 

By the farther action of chlorine on chlorisatine or bichlorisa- 
tine, dissolved in alcohol, new compounds are formed, among 
which are chlorinized chiorindopten, which, like chiorindopten, is 
a mixture apparently of chlorindatmit, with an acid, chlorinized 
chlorindoptenic acid, C12CI5 0,H0 ; which is the chlorophenusic 
acid of Laurent. This acid is accompanied by chloranile, Cu Ci 4 4 9 
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a neutral bodj in volatile golden yellow scales, soluble in hot alco- 
hol, which is also derived from the oil of coal-tar, or rather from 
the hydrate of phenyle or carbolic acid of that oil, from which 
chlorophenisic and chlorophenusic acids are obtained. 

Chloranile dissolves in weak potash with a deep purple color, 
and the solution deposits dark purplish-red crystals, composed of 
potash and a new acid, chloranilic acid. This acid forms scarlet 
or yellow crystals, according as it contains water of crystallization 
or not. Ite formula is Cn CU Oe, 2 H 0, or C« CI Oa, H O. 

When chloranile is acted on by aqua ammonise, it is dissolved, 
forming a blood-red solution, which deposits chesnut-brown crys* 
tals of chloranilammon, Ca Hs H 01 Os + 4 aq. =» Gs 01 Oa + N 
Ha -j- 4 aq. It dissolves in water with a purple color, and when 
a saturated solution is mixed with hydrochloric acid, it deposits 
very brilliant black needles of great length. These are a new 
compound, chloranilam, Ow OI2 Ha N Da = Ow Olj Ot -|- N Hj ; 
that is, 2 eq. of chloranilammon, 2 (Oa 01 O3, N Ha) = On 01s O*, 
Na H«, minus 1 eq. ammonia N Hs . Both these compounds give pre- 
cipitates with metallic solutions, which are the same from both, bofc 
distinct from those formed by chloranilic acid or its salts. Ohlo- 
ranilammon, according to Laurent, is the ammonia salt of an acid 
containing amide as an ingredient. Chloranilam is the add itselt 

By the action of ammonia on isatine there are produced several 
new compounds, varying with the strength of the ammonia, and 
the menstruum employed. In these compounds, oxygen is replaced 
by amide, NHa, or imide, -^NH = Im. 

Imesatine is formed when dry ammonia is passed through an 
alcoholic solution of isatine. It forms fine deep yellow crystals, 

the formula of which is CwHe Na Oa = CwHs N | J^ 

Imasatine is formed when aqua ammonias acts on a solution of 
isaUne in alcohol. It is a grayish-yellow crystalline substanoer 

the formula of which is Ow Hs N ] j ^ 9 

Imasatinic acid is formed along with the preceding, and is dis- 
solved along with ammonia. By the addition of an acid it is pre- 
cipitiUod as a beautiful scarlet crystalline powder, soluble in hot 
alcohol, which deposits it in splendid tabular crystals similar to the 
sublimed periodide of mercury. It dissolves sparingly in acids 
with a violet color, and these solutions deoosit violet crystals. Its 

formula is C.sHsN \^^l +H0. 

Amasatine is formed along with the two preceding bodies. Il 
has a fine yellow color, and dissolves in acids with a violet color, 
apparently passing into imasatinic acid. Its foimula b CitHi 

N j J^[ -fH (Ad =:NHa= amide). 
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The analogy between chlorisatine, &c., and isatine, holds in 
regard to the action of ammonia on them. By the action of dry 
ammonia on an alcoholic solution of chlorisatine there is formed a 
yellow Crystalline compound, analogous to imesatine. It is called 

imechlorisatinase, and its formula is Ci6 -J p/ > N ] 9 xr lo- 
Imachlorisatinase is analogous to imasatine. Its formuhi is 

^** 1 CI* ( ^ 1 N H ^* forms brownish-yellow crystals. 
Imabromisatinese, formed by the action of dry ammonia on 

bibromisatine in alcohol, is Cis j ^ ^ | N \ ^\t It is a deep 

orange crystalline powder. 

We have now briefly run over the catalogue of the very remark- 
able compounds derived from indigo by the action of sulphuric 
acid and bichromate of potash, which produces isatine, and by the 
action of chlorine either on indigo or on isatine, of bromine on the 
same, and of potash, ammonia, sulphuretted hydrogen and sul- 
phide of ammonium on the products of these actions. The nomen- 
elature of these compounds is in a very imperfect state, and requires 
reformation, but this cannot be efifected until the substances them- 
•elves have been more thoroughly studied. It is most important 
to observe, that by or through chloranile and the chlorindoptenic 
acids, the series to which indigo belongs connects itself with that 
of carbolic acid or hydrate of phenyle, (to be afterward described), 
and these again with the series of salicyle. We have now to men- 
tion one or two products of the action of nitric acid on indi^ which 
are common to all these series, and like chloranile, seem likely to 
be Yerj frequently met with as products of the decomposition of 
organic compounds. 

Anilic Acid, Stn. Indigotic Add; NUrosalicylic Acid, Cu H4 N 
Of, HO. — This acid is formed by the long- continued action of 
weak nitric acid on indigo. It is also formed in the preparation of 
isatine, if the action be pushed too far. It is identical with nitro- 
salicylic acid, obtained by the action of nitric acid on salicylic acid 
or on salicine. It forms fine yellowish-white prisms, which are 
light and bulky, and shrink much in drying. It is fusible and 
volatile. By the action of strong nitric acid it is converted into 
jxalic and picric acids. It requires 1000 parts of cold water for 
solution. Its salts crystallize well, and their c^eneral formula is 
Cm H4 N O9, M 0. The anilate of oxide of metbyle is obtained as 
a crystalline compound by the moderated action of nitric acid on 
the salicylate of oxide of methyle (oil of gaultheria). The anilate 
of oxide of ethyle is exactly similar. 

Picric Acid. Syn. Carbazotlc Acid; NUropicric Acid; Nliro- 

phenUie Acid, C.i ] ^q I 0, H 0. — This acid is formed by 
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the acdon of nitric acid on anilic acid, indigo, salicine, salicylic 
acid, hydrate of phenyle or carbolic acid, coumarine, silk, aloes 
( i ), and other substances. It is most easily formed from carbolic 
acid, salicine, or oil of gaultheria, by the action of an excess of 
fuming nitric acid assisted by heat. It is purified by solution in 
hot water and recrystallization. It forms pale yellow or even 
white scales of a silvery lustre. They dissolve in hot water with 
a strong yellow color, and a very bitter taste. The acid is fasible 
and volatile. Its salts crystallize most readily, and all explode 
when heated. When these salts are put in contact with lime and 
green vitriol, blood-red solutions are formed, containing the lime 
salt of a new acid. The picrate of potash is so sparindy soluble, 
especially in alcohol, that an alcoholic solution of picnc acid may 
be used as a test for potash. 

Picric acid is interesting as occurring among the products of 
the decomposition by nitric acid of so many different substances. 
It is easily derived from the series of phenyle, that is, from car- 
bolic acid, Ci2 Hs O, H 0. Derived from this we have chloro- 

phenesic acid, Cn -j q^ > O, H 0, chlorophenusic acid, Cu CU O, 

H 0, and picric acid, ^^< ] 3 ^ O ( ^' ^ ^' ^^ ^» therefore, 

carbolic acid, in which 3 eq. of hydrogen are replaced by 3 eq. of 
nitrous acid. 

When indigo is heated with concentrated potash, there are 
formed two new acids : chrysanilic acid, the composition of which 
is uncertain, and antbranilic acid, Cu H? N O4 sCu H« N Os , H O. 
The latter is purified in the form of anthranilate of potash, and 
the acid separated by an excess of acetic acid. It forms transpa- 
rent yellow scales, which, however, when quite pure, are colorleaa. 
It is derived from blue indigo, C16 Hs N Oa, by the loss of 2 eq. 
carbon, and the addition of 2 eq. water. 

When antbranilic acid is mixed with powdered glass, and rapidly 
heated, it is resolved into carbonic acid, and an oily liquid 
which is aniline, a very powerful base, devoid of oxygen, identical 
with the crystalline of Unverdorben, and the kyanol of Range, 
C12 H? N. This met'imorphosis is very simple: CmHt N O4 = 
2 C Oa + Oil H? N. Since aniline is obtained in many other cases 
of decomposition of organic matters by heat, it becomes a sub- 
stance of great interest. 

Aniline is recognized by its property of striking a deep violet- 
blue color with chloride of lime. It obtained the name kyanol 
from this property. Its other name, crystalline, indicates its great 
tendency to form crystallizable salts with acids. 

The recent researches of A. W. Hoflfman have greatly extended 
our knowledge of this remarkable compound. He has shown that 
it is best obtained by heating batine with potash, thus Cm N Hi 
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04+4(KO,HO) = CiiHTN+4(KO,COa) + Hj. Buthe 
has also prored that its formation is not confined to the products 
of the decomposition of indigo, it being formed when other sub- 
stances, isomeric with anthranilic acid, are exposed to heat along 
with bases, such as lime or baryta. Such substances are salicyla- 
mide and protonitrobenzo^ne or nitrotoluide, both of which have 
the empirical formula, Cu H? N O4. The former yields little, but 
the latter is entirely resolved into aniline and carbonic acid. He 
has also fully identified aniline with the cystalline of Unverdorben, 
a base occurring with others among the products of distillation of 
animal matter, and in coal-tar. It is worthy of remark, that a 
close connection may be traced between aniline and carbolic acid, 
(hydrate of phenyle). The latter is Cn Hs 0, H O. The carbolate 
of ammonia, CwHs 0, NH4 0, minus 2 eq. water, would yield an 
amide, phenylamide, which would be Cu Hs N Ha = C12 Ht N ; 
and this is aniline. Now, in Hoffman's experiment, above men- 
tioned, in which salicyl amide was heated with lime, it did not yield 
much aniline, but on the other hand, it furnished a large quantity 
of carbolic acid. 

It is further to be noticed that carbolic acid (hydrate of phenyle) 
and aniline (phenylamide) occur together in coal-tar ; and that all 
the substances which yield either one or other of these are also 

converted into picric acid, C« ] 3 >i O ( ^» H 0, by the action 

of nitric acid. Thus carbolic acid, indigo, salicine, and salicylic 
acid are all transformed into picric acid, by excess of nitric acid. 

Another point in which all these substances agree is this, that 
when acted on by a mixture of hydrochloric acid and chlorate of 
potash, they are all converted into chloranile, C12 Ch O4. It is 
more than probable that all those bodies, such as indigo, salicine, 
carbolic acid, &c., which in this way yield chloranile, either 
belong to the series of phenyle or are nearly allied to that series, 
and readily pass into it. The fundamental or primitive conipound 
of that series appears to be some compound of the formula, C12 ^g 
where A stands for hydrogen, chlorine, bromine, iodine, oxygen, 
nitrous acid, &c. Assuming this, and supposing A to be repre- 
sented by H, then we have the following series, which will exhibit 
in a practical form the doctrine of substitutions. 

Ci« Hs = Supposed origin or nucleus of the series. 

^" 1 Oi \ "^ ^" H« O, H O = hydrate of phenyle. 

CH4 J ,„ . 

CiW CIi V = C» I ^^^ i O, H O = chlorophenesic acid. 

CHi ) .„ . 

C^ ^ CIj V = Cu < ^M O, H O = chlorophenlsic acid. 
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Cu < Clf 



Cm 



c» 



Cl2 



Cia 



Ht 

N 

H4 



= Cia CU O, H O := chlorophecusic ftdd. 

s= chloranile. 

= aniline = ^^* ) ah % ^^ phenylamide. 

2 N 04 > = Cw j 2 N 04 I ^» *^ ^ = nitrophenewc acid. 

3 N 04 V = Ca I ^N 04 ( ^' H ^ = nitropheniaic (picric) 
Brs ' > = Cn J g S O, H O = bromophenisic acid. 



Hofiman has shown that isatine, when distilled with potashi 
yields aniline ; and that chlorisatine, so analogous in all respects 
to isatine, undergoes a similar decomposition, yielding a new oase, 
chloraniline ; also that other compounds may be formed containing 
more chlorine, but still belonging to the same series ; that brom- 
isatine also yields a base, bromaniline ; finally that by the action 
of ammonia and sulphuretted hydrogen on binitrobenzide or dini* 
trobenzole, there is formed a base, nitraniline, in which 1 eq. of 
hydrogen is replaced by 1 eq. of nitrous acid, and that in thb 
base i eq. of hydrogen may farther be replaced by bromine, 
yielding a neutral body. The following are the formulae of theae^ 
new compounds, which, it will be observed, are still refierable to 
the original formula, Cu A< or Cii Hs. 

Aniline Cu 

Chloraniline • . 



Ht 

H6 

CI 



Di chloraniline 
Trichloraniline 
Bromaniline . 
Dibrom aniline 
Tribromaniline 



Cn I 

^'' \ CU 

^"^ j CU 
C 

Ci. 



5 He 

5H5 
}Brt 



Ca 



SH. 



)Br3 
H4 

ChlorodibromanilineCi2 ^ CI 

Brs 



N basic Amaphenase. 
i N basic. Amachlophenese. 

V N basic. Amachlophenise. 

N neutral. Amachlophenoae. 

N basic. Amabrophenese. 
( N basic. Amabrophenise. 
i N neutral. Amabrophenose. 



N neutral. Amachlobrophenoae. 

Nitraniline • • • ^" ) vV)^ [ ^ basic. Amanitrophenese. 

CH4 * ) 
Nitrodibromaniline Cn < Brt > N neutral. AmanitrobrophenoM. 

fN04 i 
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It may here be mentioned, that altbongh, in order to include 

()ie water of the hjdrated acids, I have adopted Cu Hs as the 

nucleus of these compounds, we may also refer them to Cii Ho = 

phine or benzine. The oxide of phenyle and the different acids 

( Hs 
will then be represented as anhydrous, thus, Cm j q oxide of 

plMsyle, &o. Aniline will ^ ^i> ) |j tt ~ ^" 1 Ad ^ P^^'^y" 

(h! 
lamide ; and chloraniline will be C12 } CI and so on. The only 

(Ad; 
c6mpound which does not adapt itself to this formula, is chloranile» 

^ CI3 C Cla 

Ci« CI4 O4 ; which might, however, be C12 v O2 or C12 } Oa 

(CiOa, (2 CIO 

Our space will not permit us to enter into any details concerning 
tte preparation and properties of these interesting compounds; 
bat It may be remarked that chloraniline by the action of hydro- 
eUOric acid and chlorate of potash yields chloranile ; and that the 
same substance, when passea over lime ^hydrated ?) at a low red- 
beat, yields aniline, thus affording additional proof that all these 
eompounds belong to one series, and are different subtypes of one 
general type. Nor must it be forgotten that in the case of aniUne, 
ehloraniline, and bromaniline, we have chlorine and bromine sub- 
•tftuted for hydrogen in a basic compound, without affecting 
its basic, characters. This is the first known example of a 
base formed by substitution from another base, although similar 
fiwtt, in regard to acids and neutral bodies, had long been 
known. 

It is very well worthy of remark that a certain amount of 
ehlorine or bromine, usually so antagonistic to hydrogen, does 
not, when substituted for that element, destroy the basic cnaracter ; 
but that the chlorine and bromine appear to assume the function 
c€ hydrogen. A lar^ proportion, however, of these elements, 
does efface the basic cnaracter. . 

But the existence of nitraniline is even more remarkable. I9 
this body, 1 eq. of hydro^n in aniline has been replaced by I 
eq. of a powerful acid, nitrous acid, and yet the compound is 
decidedly basic, and retains the type of aniline. 

Nitraniline forms fine golden-yellow prisms, and with acids 
yields crystallizable salts. When acted on by bromine, it yields 
nitrodibromanilipe, a neutral compound in which 2 more eq. of 
hydrogen are removed and replaced by bromine. 

We have here considered aniline chiefly in reference to its 
derivation from indigo and isatine, and the other derived 
bases of the same type, as also connected with indigo through 
ddmsatine, Ac. Under the head of organic bases, a few pages 

17 
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farther on, we shall descrihe more particularly the properties of 
aniline, and some others of its derivatives. 

13. Carmive. 

This name has heen given to the coloring matter of cochineal 
which is nitrogenized, and may be obtained in dark red crystalline 
grains, very soluble in water and alcohol. It forms wiih alumina 
a beautiful red lake, well known as carmine. Its precise formula 
is not determined, but it approaches to Cn H24 N O20. 

Prcisser states that the red coloring matter, like all vegetable 
colors, is derived by oxidation from a colorless crystalline com- 
pound which he calls carmine. To the red compound he gives 
the name of carm^ine. He has analyzed neither. It may here be 
mentioned that Preisser has succeeded in isolating the colorless 
compounds (from which, as he states, the colors are derived by 
oxidation, especially with the aid of ammonia) in most of the red 
and yellow dye stuflfs, such as Brazilwood, safflower, sandal woodf 
quercitron, woad, annotta, fustic, <&c. He obtains them by form- 
ing lakes of the colors with oxide of lead, decomposing the lakes 
by sulphuretted hydroc^n, which deoxidizes the colormg matter* 
when the colorless basis is dissolved, and obtained in crystals by 
evaporating rapidly, or in vacuo, to avoid oxidation. He has 
analyzed some of these compounds, but his results are not yei 
complete. 

The finest crimson and scarlet dyes are made from cochineal, 
according as the mordant is alumina and tin. 

Kermes is a dye stuff similar in its origin and properties to 
cochineal, but inferior in beauty of tint It is derived from 
coccus iiicis. 

The red coloring matter of stick-lac, which is also used as a 
dye, has similar properties. Lac is produced on certain plants by 
the puncture of an insect 

ACTION OF KITRIO ACID OK AU>I8. 

This action so much resembles, in some points the action of 
nitric acid on indigo, that it may be properly mentioned here. 
4Ioes is the well known inspissated juice of certain species of aloSt 
and is very bitter and purgative. The nature of its active princi- 
ple is still unknown : but when heated with nitric acid it yields a 
yellow bitter substance, which is converted, by the farther action 
of the acid, into two crystal lizable acids, chrysammic and chrysole- 
pic acid. The artificial bitter of aloes appears to be formed of 
two acids, aloetic and aloeretinic acids, wnich form red salts* bnl 
the composition of which is not exactly ascertained. 

Chrysammic acid, Cis H Na Oi2, H O, is obtained as a yellow 
precipitate, when water is added to the solution obtained by heal» 
ing aloes with excess of nitric acid. It is purified by being 0001* 
bined with potash, and this salt, after recrystalliiation, is dissolre^, 
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in hot wafer and decomposed bj dilated nitric acid. The chrjs- 
ammic acid is deposited as a powder formed of golden-yellow 
shining scales. Its solution is of a fine purple. All its salts are 
ery stall izable and of a deep red color, frequently with green reflec- 
tion, like murexide. The chrysammate of ammonia forms dark 
ffreen crystals, which, when dissolved and acted on by nitric acid, 
deposit brilliant black scales, which are not chrysammic acid, but 
are transformed into it when boiled with acids or bases. The 
solution of chrysammate of ammonia gives with metallic salts 
peculiar precipitates distinct from those formed with the same 
salts by cnyrsammate of potash. 

. Chrysolepic acid, Cn Ha N3 Ois, H 0, has the formula and many 
of the properties of picric acid ; but is said by Schunk, who dis- 
eovered it, to be different. It is darker in color, and its salt with 
potash is much more soluble than picrate of potash. It would, 
Bowever, appear that the two acids are essentially the same ; for 
their salts are in general very similar, and all explode when heated. 
Now that picric acid is recognized as so frequent a product of the 
action of nitric acid, we have no difficulty in unaerstanding its 
oocorrence here. 

ALCALOID8 Oa OROAKIO BASES. 

These names are given to a class of nitrogenized organic com- 
pofunds which, in their relations, are quite analogous to ammonia, 
or rather to oxide of ammonium. They are to be distinguished 
from such basic oxides as oxide of ethyle, oxide of methyle, <&c., 
which contain no nitrogen, and, although they form neutral com- 
pounds with acids, yet exist in a peculiar state m these compounds, 
which cannot be decomposed, like ordinary salts, by double 
decomposition. Thus, oxalate of oxide of ethyle does not precipi* 
tate with nitrate of lime, and chloride of ethyle does not decompose 
nitrate of silver. But the case is quite different with the alcaloids ; 
(or their salts undergo the same decompositions as those of 
ftBimonia. 

Most of the alcaloids are found in vegetable juices, seeds, or 
roots ; these are called vegetable alcalies, and they are generally 
the active principles of the plants, for the most part poisonous, m 
which they are found. But of late, organic bases quite analogous 
to those produced by nature, have been formed in a variety of 

Srocesses ; as, for example, the singular bases containing platinum, 
escribed at pp. S82-287 ; the bases containing arsenic, or arsenic 
■ad platinum, mentioned at pp. 398-402 ; the bases of coal-tar, 
of which aniline, formed in several different processes, is one ; the 
bases, chloraniline, &c., derived from aniline ; the bases derived 
from oil of mustard, ^see p. 468) ; those derived from the decom- 

C'tion of natural alcaloids, as quinoleine and cotarnine ; those 
led by the action of potash on melam, as melamine and amme* 
Mbo ; those produced by the action of ammonia on oil of bitter 
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almonds and analogous bodies, sncb as amarine, lophine, picrina, 
and furfurine ; those formed by the action of sulphide of ammo- 
nium on certain nitrogenized bodies, as aniline from nitrobeniide, 
naphthalidine from nitronaphtbalese, thialdine from aldehydammo- 
nia, <&o. ; those derived from kreatine by the action of acids and 
bases, namely, kreatinine and sarcosine ; and such as are formed 
by the action of acids and bases on other animal compounds, ct 
which glycocoll is an example, being formed from gelatine by the 
action of potash, and from hippuric acid by the action of hydro- 
chloric acid. Most of these artificially formed bases are of reir 
recent discovery, and it is evident that they must throw much 
light on the theory of the production of the natural alcaloids, and 
that the careful study of this part of the sul>ject will, in all proba- 
bility, eventually lead to the artificial formation of the natural 
or^nic bases. 

The alcaloids possess, for the most part, very decided basie 
properUes ; when dissolved they act on vegetable colors like the 
morganic alcalies ; and they neutralise the strongest acids com- 
pletely, generally forming crystallizable salts. Most of them, at 
the ordinary temperature, are expelled from their salts by ammonia, 
but many of them at the heat of boiling water expel ammonia 
from its sisJts, owing to the volatility of the latter alcali. 

Their basic properties are not derived from the oxygen ther 
contain, for no variation in the amount of that element affects their 
neutraliziDg power. On the other hand, there is every reason to 
believe that their basic character depends on the nitrogen ther 
contain ; for they all, without exception, contain nitrogen, although 
several are devoid of oxygen. Moreover, most, if not all of those 
which have been formed artificially, are prepared with the aid oC 
ammonia, or some compound of ammonia, or amidogen. It is 
quite conceivable that they may be composed of ammonia or 
amidogen, plus some compound of carbon and hydrogen* or of 
carbon, hydrogen, and oxygen, the addition of which does not 
diminish the basic energy of the ammonia or amidogen. We shall 
return to this subject, after having described the alcaloids. In the 
meantime we shall first give an account of the natural alcaloids^ 
and afterward proceed to consider the artificial ones. 

1. Natural Alcaloids or Vegetable Bases. 

The alcaloids occur in combination, generally with veffetabla 
acids ; and they are separated from these combinations by tha 
same means which are employed in the case of inorganic bases, 
modified in each case, according as the alcaloid is soluble or insola- 
ble in water and other solvents, fixed or volatile when heated. 
Thus quinine, morphia, and strychnia, are separated by adding to 
their soluble salts, lime, ammonia, or magnesia, which form soluble 
salts with the acids which are present, while, the aloaloida, beiig 
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huoliible, are precipitated; codeine* bein^ soluble in ether as 
well as water, is first set free by potash, and ether being added to 
the aqueous liquid, is agitated with it, and rises to the surface, 
oairyin^ the codeine along with it, and the same process applies to 
olher luoaloids. Lastly, conia, nicotine, and other volatile alca- 
loids are obtained by distilling their salts with an excess of liquor 

pOU88«. 

The alcaloids, like ammonia; combine with hydrogen acids 
forming salts, without the addition of water or its elements being 
necessary ; they also, like ammonia, refuse to combine with anhy- 
drous oxygen acids, requiring 1 eq. of water to form dry salts. 
Their hydrochlorates, like sal ammoniac, form double salts with 
the bichlorides of platinum and of mercury. 

The salts of most of the alcaloids are precipitated as tannates 
by infusion of galls. 

The alcaloids are generally decomposed by chlorine, bromine, 
and iodine, forming colored compounds not yet fully investigated. 
They are also decomposed by nitnc acid, some of them with a deep 
red color. 

. Some of them, such as quinine, strychnia, (fee, when heated 
with strong caustic potash, yield an oily compound, which is also 
a base, and is called quinoleine. 

We shall now briefly describe the individual alcaloids, dividing 
Ihem into groups, according to their characters. 

a. Liquid Volatile Bases. 

Nicotine, CioHsN. — This base is found in tobacco, and is 
obtained by distillin? the concentrated infusion of the leaves along 
with potash. The distilled liquid, which contains nicotine, water, 
and ammonia, is neutralized by sulphuric acid and the neutrid 
iolution dried up. Alcohol then dissolves the sulphate of nicotine, 
leaving undissolved the sulphate of ammonia. The pure sulphate, 
distilled with potash, vields pure nicotine, which appears as an oily, 
fimpid, colorless liquid, having a weak smell of tobacco. Its Sp. 
0. is 1*048. It is decidedly alcaline, and mixes with water, 
alcohol, and ether. It is highly poisonous. With acids it forms 
salts which crystallize with difficulty. The hydrochlorate of nicotine 
combines with bichloride of platinum, forming a double salt, which 
yields large, regular, orange-red crystals, of the formula CwHt N, 
H CI 4" Pt CU. It is probable that nicotine, besides being found 
in the fresh leaves of^ tobacco, is produced in larger quantity 
during the fermentation to whicb the leaves are subjected in the 
Bianufacture of tobacco ; and there is also reason to believe that 
it b produced by the action of heat on tobacco, as in smoking, and 
diet, from the comparative simplicity of its formula, it will be 
&Mind among the products of the distillation of organic compound! 
eoBteining nitrogen. 



262 BASES OF CIHOHONA BABK. 

Comcim, Sth. Cania, Ci«Hi«N? — This bgte occurs in Uis 
hemlock, conium tnaculatum, and is extracted by a process quits 
analogous to that above described for nicotine. It is also an oilr 
liquid, boiling at 338^, highly poisonous, and easily decomposed. 
Its taste and smell are both very acrid and disagreeable, and 
somewhat analogous to those of nicotine. Its salts are acrid and 
poisonous, crystallizing with difficulty. As it is the active principls 
of the conium, conicine, either pure or as a salt, ought to be used 
instead of the extract or tincture, which are very variable. 

The two bases just described are the only natural bases belong- 
mg to the strongly marked group of volatile oily bases. But 
several artificial compounds are known, which belong to tliis group. 
These will be described in tlieir proper place, and it will be seen 
that their analogy to nicotine and conicine is perfect. 

h. Bases of Cinchona Bark. 

a. Quinine, Cao Hia N O9 . SrN. Chinine, — This important alca- 
loid is found along with cinchonine, in most species of cinchona bark. 
It predominates in yellow bark, cinchona Jlava, China regia^ or 
Chma calisaya ; and is obtained by boiling with an excess of milk 
of lime the decoction in diluted hydrochloric acid of the bark, and 
treating the precipitate with hot alcohol, which dissolves cinchonine 
and qmnine. On evaporation, the cinchonine is deposited in crys- 
tals, and the quinine remains dissolved. Water is added, whick 
causes the quinine to separate as a resinous mass. It may be 
obtained in crystals by th^ spontaneous evaporation of its solution 
in absolute alcohol. It is very sparingly soluble in water, but 
very soluble in alcohol and in acids. Its solutions are very bitter. 
When heated with hydrate of potash, it yields carbonate of potash, 
hydrogen gas, and quinoline or leukoline, (see that substance). 

Quinine is decidedly alcaline, and neutralizes the acids. Its 
salts, especially the sulphate, are very much used in medicine, 
especially as febrifuge and tonic remedies, in most cases very 
superior to the bark in substance. The sulphate of quinine used 
in medicine is a basic salt, 2 (CvHisN Oa) 4-SO9 -f- 8H0. 
The neutral sulphate is much more soluble m water ; hence in 
draughts, sulphate of quinine is generally dissolved in diluted 
sulphuric acia. The hydrochlorate, phosphate, citrate, and ferro- 
cynate of quinine have also been employed in medicine. 

h. Cinchonine, CioHiiNO. — This base predominates in the 
gray bark, cinchona condaminea, or C nibiginoia, and is also found 
m large quantity, as well as quinine, in red bark, C oblonpi/olia* 
Its preparation has been above described. It crystallizes verj 
readily, and is not so bitter as quinine, although hic'hly febrifuse. 
When heated, a considerable part is sublimed. When distilled 
with potash, it yields quinoline. It neutralizes the acids, forming 
crystallizable salts, which may be substituted for those of quinino^ 
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It is very important to observe that cinchonine only differs from 
quinine by 1 eq. oxygen ; and although hitherto no one has suc- 
ceeded in converting one into the other, little doubt can be enter- 
tained that this will be accomplished in process of time. The fact 
that both yield quinoline is very interesting. 

r. Quinoidine, — This name was given by Sertuemer to a third 
alcaloid, which he found in the mother liquors of the preceding. 
It has been shown by Liebig to be i\othing else than pure quinine, 
in the amorphous or uncrystallizable state. The cause of its 
aaauming the amorphous state is not yet known. It is very pow- 
erivl as a remedy, and is now mucn used under the name of 
amorphous quinine. 

d. Aricine, CaoHiaN O3 ? — This base was found in 1828, in a 
cinchona bark from Arica, in Peru, and has not since occurred. 
It is very similar to cinchonine, from which it differs in being solu- 
ble in ether. According to the analysis of Pelletier, it contains 1 
eq. oxygen more than quinine, and 2 eq. more than cinchonine, 
■o that the three bases may be viewed as oxides of the same 
radical. Aricine forms salts which are crystallizable, bitter and 
febrifuge. 

Besides the above four, other alcaloids are said to have been 
fcvnd in diflferent species of cinchona ; as pitoyine, in the China 
piioya, chinovine in the China nova, another alcaloid in the China of 
Oakhagena, blanquinine in the China blanea, which is the bark of 
eUiehona avifolia and C. macrocarpa ; and cinchovatine in dnckwM 
cvoto. This last crystallizes well, and fo'rms crystallizable salts. 
It has been analyzed, and the results lead to the formula C« Hr 
KsOi. 

c. Bases of the Papaveraceas. 

Morphine, Css HaoN Oe. — This alcaloid occurs in opium, which 
it the inspissated juice of papaver somniferum. Perhaps the 
Cfttiest metnod of extracting it is the following. The soluble part 
of opium is extracted by water, and the concentrated infusion is 
mixed with solution of chloride of calcium, this salt being added 
fal slight excess. On standing, especially if warmed, the mixture 
deposits a copious brownish-gray precipitate of mixed meconate 
ana sulphate of lime (the morphine being in the opium partly as 
meconate, partly as sulphate), while hydrochlorate of morphine 
remains in solution with a very large proportion of dark brown 
coloring matter. The brown solution i9 evaporated till, on cool- 
bu^, the hydrochlorate crystallizes, forming a nearly solid mass, 
which is subjected to very strong pressure in flannel. A thick, 
TiBcid, nearly black mother liquor is thus expressed, which con- 
tains all the narcotine and coloring matter. The squeezed mass 
or cake of hydrochlorate of morphine is of a fawn color. It is 
lodiicoWed in hot water, filtered if necessary, and recrystallized. 
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80 much water being used, that on coolinff a •emi-solid matt it 
obtained. This is again squeezed out, and if the squeezed cake 
is not quite white, it is only necessary to repeat the operation. A 
little animal charcoal in the second, or better still in the third* 
crystallization, assists in removing the last traces of color. The 
second and third mother liquids, although colored, are not to be 
thrown away, but should be added to the solution of a fresh por- 
tion of opium, so that the small quantity of hydrochlorate which 
is retained in solution shall not be lost. In crystallizing hydro- 
chlorate of morphine, the liquid should always be acidulated with 
hydrochloric acid (after the animal charcoal is separated), becausa 
in this way very little indeed in retained in solution. 

The purified hydrochlorate, which still contains about -fj of 
codeine, is now dissolved in hot water, and supersaturated with 
ammonia ; on cooling, the morphine is deposited as a snow-whtta 
crystalline powder, which may be crystallized by means of hoi 
alcohol. The codeine remains in the mother liquor. 

Morphine forms hard transparent brilliant crystals, almost iii80> 
luble in water, soluble in hot alcohol, insoluble in ether. It is 
decidedly alcaline, neutralizing acids, and forming crystalhzablt 
salts. All its solutions are bitter, and act as narcotic poisons. It 
is colored red by nitric acid, and brownish-red by iodic acid ; it 
also strikes a deep blue with perchloride of iron. 

The salts of morphine are much used in medicine, especially the 
hydrochlorate, the acetate, and the sulphate. A solution of any 
of these salts, of ^ve grains to the ounce, may be administered 
in the same dose as tincture of opium (laudanum). The hydro- 
chlorate or muriate is prepared as above described, and is used in 
the state in which it is obtained by repeated crystallization, con- 
taining j\ of its weight of a double hydrochlorate of morphine 
and codeine, which has much the same action. The acetate and 
sulphate are best made directly by dissolving in acetic and sul* 
phuric acids the precipitated morphine till they are neutralized^ 
and then evaporating. 1 lb. of good (n)ium yields 1^ oz. of 
hydrochlorate of morphine. These salts are most valuabla 
anodynes, and do not derange the stomach nearly so much as aa 
equivalent dose of laudanum ; but they do not act so decidedly ia 
producing sleep as in allaying pain and irritation; at least tha 
sleep they induce does not come on so soon as in the case of lauda* 
num. The patient, however, even when he does not sleep, feeb 
refreshed, almost as if h^ had slept, and on the whole the prepar* 
ations of morphine are preferred by the physician, and have, ia 
this country at least, nearly banished the use of laudanum. Tha 
black drop contains impure citrate of morphine. 

Codeine, CasHvNOs. — This alcaloid is obtained as abora 
described, from the mother liquor of the precipitated morphina* 
which, being evaporated, deposits the dcaible hydrochloimta of 
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wofphine and cod^ne. This salt being purified, is acted on by 
folash, which dissolves the morphine, while the codeine is left as 
aracid mass, which soon becomes hard and crystalline. It is 
imrified by solution in ether or in water, both of which solvents 
leaTe the morphine, which may be mixed with it, undissolved. 
The ethereal solution, by spontaneous evaporation, deposits it, 
capecially if a little water be added, in fine anhydrous prisms ; the 
iqneous solution gives large octahedral crystids, whicn are a hy- 
drsie, with 2 eq. of water. 

Codeine is a powerful base, forming neutral salts with acids. 
It! solutions are bitter, and would seem to have an anodyne action 
on the system. But in certain circumstances they appear to excite 
JBtolerable itching of the whole skin. It is therefore possible, that 
the itching caused in some persons by opium, and by the commer* 
All muriate of morphine, proceeds from codeine. 

It is important to observe that, as cinchona bark contains three 
•leakiids diflfering only in the proportion of oxygen they contain, 
to'tiie two principal bases of opium differ only by 1 eq. oxygen. 
Hitherto, however, it has been found impossible to convert codeine 
into morphine by oxidation, or morphine into codeine by deoxidation. 

Thebaine. — This base also occurs in opium. It is nearly inso- 
laUe in water, soluble in alcohol and ether. Its solutions are 
alcdine, and have an acrid metallic taste. It forms cryatallizable 
•alts with acids. According to Kane, its formula is CasHuNOa. 

Pseudomorphine, C27 Hw N Ou ? — This base is occasionally found 
in opium. It forms shining scales. It is sparingly soluble in 
water and weak alcohol, insoluble in absolute alcohol and in ether. 
II it readily dissolved by caustic potash or soda. It is colored 
blue by perchloride of iron. It forms salts with acids, which are 
es jet little known. 

jnerceine, Ca H»N Ou ? — This, which is afeeble base, also occurs 
ill opium. It is sparingly soluble in water, soluble in alcohol, insol- 
■ble in ether. It melts at 197°. It is colored blue by bydro- 
eUoric acid, but not by perchloride of iron. Acids dissolve it, but 
heidly form definite salts with it. In short, it ought rather to be 
described as an indifferent substance, were it not that its compo* 
sition so much resembles that of the alcaloids. 

Narcotine, CUHssNOu. — This is another weak base, found in 
opinm in larger proportion than any other, except morphine. It 
MSy be obtained, either from the mother liquor of muriate of mor- 
phia by adding ammonia, or by digesting the insoluble part of 
0|rfBm m diluted acetic acid, and precipitating by ammonia. The 
impure narcotine is puriGed by solution in hot alcohol, with the 
eid of animal charcoal. On cooling, narcotine is deposited in 

astals, which are insoluble in water and alcalies, soluble in alco- 
» ether, and acids. Its salts are bitter, and crystallise with 
diffioaltj» 
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The very recent researches of Liebig, Wuhler, and Bljth, ha?f 
made known a series of products of decomposition derived from 
narcotine, ii?hen acted on by peroxide of manganese and sulphuric 
acid, and also by bichloride of platinum. These our space will 
only permit us briefly to mention. 

1. OpianicAcid, CnHg Ows CioHs Oo^HO. — This acid cr]n- 
tallizes in slender prisms, and forms soluble and crystallizable salts 
with baryta and tne oxides of lead and silver, and with oxide of 
ethyle. When melted, opianic acid passes into an insoluble stale* 
its composition remaining the same. 

2. Opianwum, Cm Hi? N Om. — This compound is derived from 8 
eq. opianate of ammonia by the loss of 1 eq. ammonia and 4 eq. 
water. It is a pale yellow powder, which, by boiling with water, 
is converted into opianic acid and opianate of ammonia. 

3. Xanihqpenic Acid. — When opiammon is acted on by alcaliee» 
it gives off ammonia and yields opianate and xanthopenate of pol- 
ash. An acid separates the xantnopenic acid as a yellow flocoa- 
lent precipitate. It forms salts of a fine yellow color, but has nol 
been fiilly examined. It contains nitrogen. 

4. 0piano'9tdphurou8 Acid, C» Hs On Ss H 0, is formed by the 
action of sulphurous acid on opianic acid, and is produced by the 
substitution of 2 eq. sulphurous acid for 2 eq. water. It has a 
bitter taste and forms crystallizable salts. 

6. Stdpkopianic Acid^QviHn 1r^ ( ^^' ^^ <^icl is fonaad 

by the action of sulphuretted hydrogen on opianic acid, and is, in fmd^ 
opianic acid, in which 2 eq. oxygen are replaced by 2 eq. sulphur* 
It is an amorphous yellow powder, which crystallizes from alcohoL 
Its salts are soon decomposed, yielding sulphides of the metals. 

According to Wuhler, opianic acid is (C»H«07,2HO) 
4- H ; and in the two preceding acids the 2 eq. of water repre- 
sented within the brackets are replaced by 2 eq. sulphurous acid 
and 2 eq. sulphuretted hydrogen. Opiammon, on this view, is 
(CioHe07,2HO) + CioH«07,NH3). He considers, it pro* 
bable that narcotine is a compound analogous to opiammon, and 
containing opianic acid. 

6. Hemipinic acid, Cio H4 Os HO. — This is a product of oxida- 
tion of opianic acid. 1 eq. anhydrous opianic acid, OnHtOt, 
plus 1 eq. oxygen, is CaoHs Oio = 2 (C10H4 Os). The hemi* 
pinic acid crystallizes in regular four-sided prisms. It forms 
insoluble salts with the oxides of lead and silver. 

7. Coiamine, C2S HmN 0«. — This is a base formed along widi 
spianic acid. 1 eq. narcotine. Cm His N Ou, and 7 eq. oxygen, 
yield 1 eq. cotarnine, CasHisNOe + 1 eq- opianic acid GdHs 
Oio + 1 eq. carbonic acid, C Oi + 3 eq. water, 3 H 0. 

Cotarnine forms a deep yellow radiated mass, soluble ia 
alcohol and in water. It is bitter and alcaline, and forma 
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eryslallixable doable Baits with the bichlorides of mercury and 
flatinum. 

B. Htanopinic Acid is a dark brown humus-like acid formed by 
the action of heat on narootine. Its composition is not established 
with certainty, but resembles that of other similar bodies. It 
oootains no nitrogen. 

9. ApcphyUic Add, — This seems to be a product of decomposi- 
lion of cotarnine. It forms crystals very like those of apophyllite 
and equally cleavable. When heated it yields an oily liquid, 
evidently qoinoline. Its composition is not yet known, but it 
contains nitrogen. 

10. Narcogemne, Cas His N Oio, is formed, along with opianic 
acid, when narootine is not so far oxidized as to yield cotarnine. 
8 eq. narcotine with 5 eq. oxygen yield 2 eq. narcogenine, 1 
eq. opianic acid, and 3 eq. water. It forms a crystallizable double 
•ait with bichloride of platinum, but when separated, it is resolved 
fflto narcotine and cotarnine. 2 eq. narcogenme with 2 eq. oxygen 
contain the elements of I eq. narcotine, 1 eq. cotarnine, and 1 eq. 
carbonic acid. 

1 1 . Ndrcotinic Acid, — When narcotine is heated with potash it 
fiHrms a soluble compound which contains an acid, apparently iso* 
meric with narcotine, or diQering from it only by 1 or 2 eq. water. 
When this acid, which is called narcotinic acid, is separated from 
ilt salts, it rapidly passes into narcotine, so tliat it is unknown in 
A separate form. Its atomic weight seems to be half that of nar- 
cotine, so that 1 eq. narcotine probably forms 2 eq. of the acid. 

Such is a very brief and imperfect account of the results of the 
recent researches of Wohler and of Blyth on narcotine. They are 
of very great importance as indicating a method which may lead 
to the discovery of the true constitution of the alcaloids. 

Chelidonine, C40H10N3 Os. — This alcaloid occurs m chdido- 
whtm maju9, along with chelerythrine. It is bitter, insoluble in 
water, and alcaline, forming crystallizable salts. 

A. Chelerythrine f found in the same plant, forms a gray powder 
which excites violent sneezing. With acids it forms red salts, 
which are narcotic and poisonous. 

f. Olaucine, — This alcaloid occurs in the leaves and stem of 
aiaucium ItUeum, It may be obtained in pearly scales ; its taste 
is bitter and acrid, and it forms salts with acids. Its composition 
is not yet ascertained. 

k. Olttucopicrine is found in the root of the same plant. It is 
Utter and forms salts of a bitter and nauseous taste. Its 
composition is unknown. 

4. Alcaloids of the Solanacee, the Strychnes, and other Vegetable 

Families. 

Hyoscyamine. — Tl^ base is found in hyoscyamus niger and 
oiber species of hyoso- ais. Its composition is not yet known* 
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It is extracted from the seeds by a diffionlt and tedious proeeas^ 
and may also be obtained, although with much loss, by distillatioii 
with potash, like conicine. It is very prone to decompodtioD 
when m contact with mineral alcalies. It crystallizes, when pure, 
in radiated groups of needles, but sometimes forms a yisctd 
amorphous mass. When moist it has a stupefying smell like that 
of tobacco. It is very poisonous, causing, like conicine, tetanic 
spasms. It dilates the pupil powerfully. It is fnsible and 
volatile, but is partly decomposed when distilled. It dissolves in 
water, alcohol, and ether.* It neutralizes the acids, forming 
crystallizable salts which are very poisonous. 

Daturine. — This base is obtained from the seeds of datura Mtra^ 
monittm. It is, in preparation and properties, very analogous to 
hyoscyamine. It is, however, less soluble in water, and crystal- 
lizes in fine brilliant prisms, from its alcoholic solution. It is fun- 
ble, volatile, and very poisonous, dilating the pupil. Its salts are 
crystallizable and veiy poisonous. Its precise composition it 
unknown. 

Stramonine. — This is another crystalline compound found in 
stramonium. It is crystallizable, volatile, soluble in alcohol and 
ether, insoluble in water. Its nature is uncertain and its compo* 
sition unknown. 

Atropine, GMHssNOe ? — This alcaloid is the active principle 
of atropa belladonna. It is obtained like daturine, and being equally 
prone to decomposition, much is always lost. It is sparing^ 
soluble in water and ether, more soluble in alcohol. It ciystal- 
lizes in white silky prisms, and sometimes forms an amorphoot 
mass like glass. It is very bitter, acrid, and poisonous, duattng 
the pupil like hyoscyamine and daturine. It is fusible and vola- 
tile, and neutralizes acids, forming salts which are bitter, acrid, 
and poisonous, and which crystallize. These salts, from their 
very powerful action in permanently dilating the pupil, are very 
well adapted for medical use, being muqh more uniform than the 
extract 

e, Solanine, Cm Hes N On ? — This alcaloid occurs in many species 
of so/anum, as in S. nigrum, S, dulcamara, and in the potato, S* 
tuberosum. In the latter it is found in large quantity, especially 
in the shoots, when the tubers have germinated in dark cellars. 
The shoots are extracted with dilute sulphuric acid, and the solu- 
tion precipitated while hot by ammonia. The precipitate is puri- 
fied by solution in alcohol. It forms a crystalline powder, very 
bitter and acrid, and highly poisonous, but not dilating the pupil. 
Its salts do not crystallize readily. There is some reason to sua* 
pect that the alcaloid of the shoots of potatoes may be distinct 
from that of the bittersweet, solanwn dulcamara. 

/. Veratrine, C»i H« N Ot ? — This alcaloid is found in pwn/mm 
tabadiUa, V. album, dc. It is extracted as atropine is, and* g«a* 
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•rally obtained as a crystalline powder, nearly white, rery acrid 
•ad poisonous, exciting when introduced into the nostril violent 
and even dangerous sneezing. It is insoluble in water, but very 
•olable in alcohol, and may be obtained, by the spontaneous evap- 
ovation of its alcoholic solution, in prismatic crystals several lines 
h length. It is colored red both by nitric and sulphuric acid. 

Yeratrine, in the form of tincture, and still more in that of oint- 
BMut, (1 drachm, or ^ drachm to 1 os. of lard), is now much used 
as an external application in neuralgia and obstinate rheumatio 
pains. Its effects m many cases are highly beneficial. In making 
the ointment the veratrine should first be rubbed with a, few drops 
of alcohol to an impalpable powder, and the lard then added. If 
this be not done, tne gritty particles of veratrine in the ointment 
eauses so much irritation when rubbed into the skin as to prevent 
bs use for any length of time. We are indebted chiefly to Dn 
Tumbull for oar knowledge of the valuable properties of this 
alcaloid. 

^. Sifbadilline. — This name has been given by Couerbe to a 
second crystalline body found by him along with veratrine. It is 
alcaline, soluble in hot water, insoluble in ether, and forms crys- 
lallisable salts with acids. Couerbe states its formula to be Cao 
EbsNOs ; but, according to Simon, it is a compound of veratrine 
with resin, containing also resinate of soda. 

A. Colchicine. — This alcaloid is similar to veratrine, for which it 
was formerly taken. It is found in colcAicum autwnnale. It is 
erystallizable, bitter, and very poisonous. Nitric acid colors it 
blue or violet. It is soluble in water, alcohol, and ether. Its salts 
are crystallizable, bitter, acrid, and poisonous. They might prob- 
ably be used in medicine advantageously, instead of the very 
uncertain preparations of colchieum which are at present employedu 
In a very small dose, colchicine causes purging and vomiting. Its 
composition is unknown. 

u Acomtine, — This alcaloid, the composition of which is unknown, 
is lound in aconitum napdlus, and, probably, also in A. ferox and 
Other species. It is obtained by the usual method, but, being 
Tory prone to suffer change, much is lost. It forms a crystalline 
powder, or occasionally a vitreous amorphous mass. It is in the 
nighest degree bitter, acrid, and poisonous, and is said by Geiger 
to dilate the pupil. On the other hand, the plant contracts the 
mipil and causes numbness of the part to which it is applied, and 
Dr. Tumbull has obtained an aconitine possessing these properties 
in a very high degree. Either, therefore, there are two bases in 
the aconite, or, as is much more probable, the aconitine of Geiger 
kaving an action different from tnat of the plant, is a product of 
decomposition, while that of Turn bull is unchanged. 

Tumbull's aconitine is an invaluable remedy in the same pain* 
tA diseases in which veratrine is employed. It is unforUmately 
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obtained in small proportion, and as jet is very expensiye. A 
cheaper and more productive method of preparing it is a rerj 
great desideratum. 

k. Delphine, Cst H19 N Os ? — This alcaloid» analogous to rera- 
trine, found in stavescure, ddphinum HaphyBogria. It has onlr 
been obtained hitherto as a yellowish white powder, not crystal- 
lised, very acrid, and poisonous. It forms neutral salts hitherto 
little examined, It may be used in the same affections and in the 
same manner as veratrine. 

I. Staphisine. — This is a substance found along with delphtne» 
and said to be C32 He N O4 . It is acrid and poisonous, but is pro* 
bably only a compound of delphine. 

m. Emetine^ Gn Hit NO 10 ? — This is the active principle cf ipeca- 
cuanha, the root of cepkadis ipecacuanha. When pure, it is a white 
powder, alcaline, soluble in alcohol and in hot water, insoluble 
in ether, y^ of a grain acts as an emetic. In a dose of from 2 to 
4 grains it is poisonous. Its salts do not crystallize. 

n. Chiococane, and o. VtoHnCy are two very similar alcaloida, 
found in chiococca ramosa and vida odoraia. They are supposed 
by some to be emetine dis^ised by a little foreign matter. 

p. Strychnine, OHb Na Os, or C44 I^Na Os. — This alcaloid 
is found in nux vomica, the seeds of strychnas nux vomica, in St 
Ignatius* bean, the seed of S, lynatii, in the wood of ^S^ eolu' 
Mna. and in the poison called upas tieutS derived from S, tieutL 
It is extracted by decoction with dilute sulphuric acid, precipitating 
the decoction with milk of lime, and acting on the precipitate, 
after washing it with cold alcohol, by boiling alcohol, which on 
cooling deposits the strychnine in very regular, transparent, bril- 
liant crystals. If brucine is present, it remains chiefly in the 
mother liquid, but the two bases may be separated by converting 
them into nitrates, and crystallizing ; the nitrate of strychnine 
crystallizes readily, while the nitrate of brucine remains dissolved. 

Strychnine is very insoluble, requiring 7000 parts of water. 
It is so bitter that 1 part gives a very strong and persistent bitter 
taste to 40,000 parts of water. It dissolves in hot alcohol, although 
sparingly if the alcohol be pure, and is insoluble in ether. When 
pure it is only colored yellow by nitric acid ; a trace of brucine causet 
It to be reddened by that acid. It forms crystallizable salts, 
which are intensely bitter. Their solutions are precipitated white 
by alcalies, by tincture of galls, and by iodide of potassium, ht 
white crystals by sulphocyanide of potassium, and as yellow pow- 
ders by solutions of gold and platinum. 

Strychnine and its salts, especially the latter, from their solubility, 
are most energetic poisons. They produce spasmodic motions, and 
are used in very small doses as remedies in paralysis ; they seem to 
have a specific action on the lower part of the spmal column. The 
average dose is i^^ of a grain. In the event of an orecdoee, tlia 
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\mi antidote is iniasion of galls or strong tea, which also contains 
tainine. 

q. Brucine, Cm Hs Ns Ot. — This alcaloid occurs along with 
ilrychnine in nux vomica, and also in the false angustura bark, 
tlie bark of brucia antidysenierica. It is prepared as strychnine. 
Besides the methods above mentioned for separating the two bases, 
there is another, which is, to boil the mixture with water as long as 
h dissolves brucine, or till the strychnine is no longer reddened by 
nitric acid. Brucine forms large transparent crvstals, which I 
have found to become opaque in closely- stopped vials. It is very 
bitter and poisonous, but much less so than strychnine. It mav 
be used for the same purposes in a rather larger dose. It is red- 
dened strong^ly by nitric acid, and the red solution becomes violet 
en the addition of solution of tin. It is thus distinguished from 

Schnine and morphine. Its salts, for the most part, crystallize 
I facility. 

r. Jervine, Gto H4s Ns Os . — This alcaloid is foimd in white helle- 
bore, veratrum album, along with veratrine, from which it is separ- 
•ted easily, as it crystallizes first from the alcoholic solution ; and 
Ms sulphate is far less soluble than that of veratrine. It forms a 
orystalline powder, fusible, insoluble in water, soluble in alco- 
hol, and forming with sulphuric, nitric, and hydrochloric acids, 
Tery sparingly soluble salts, so that the solution of the acetate 
ie precipitated by these three acids. 

M. Curarine, — This alcaloid is obtained from the South American 
noison called eurari, which is derived from some plant of the 
amily strychnea. It is a deadly pobon when introduced into a 
wound, but may be swallowed with impunity. The curarine forms 
a yellowish, amorphous bitter mass, which is more poisonous than 
dM eurari which yields it. Its salts are bitter, but do not 
erystallize. 

U Carydaline, €94 Hs NO hi? — Found in the root oi corydaiU 
hUho9a and C, fabaua. It forms a light gray powder, very solu- 
ble in alcohol, which deposits it in crystals. It is reddened b^ 
nitric acid, and forms crystallizable salts with acetic and sulphuric 
acids. 

«. Carapine. — Found in carapus guianensis. It is a white pearly 
fcaible powder, very bitter, soluble in water and alcohol, insoluble in 
etber, forming crystallizable salts with hydrochloric and acetic acids. 

V. Cusparine, — Found in the true angustura bark, that of bon- 
fHandia trifolicla or cu^paria febrifuga. It forms fusible octahe- 
dral crystals, sparingly soluble in water, very soluble in alcohol. 

19. Daphnine occurs in the bark of daphne gnidium and D. 
mtureon. It is obtained by distilling the infusion with magnesia. 
li is alcaline and acrid, and forms crystallizable salts with nitric 
and sulphuric acids, according to Yauquelin. Baer and Gmelin 
eonld not obtain it. 
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«. Bebeerine is the active principle of tbe bark of tte bebeertt 
tree of Guiana, which seems to be analogous to quinine. It hat 
not been obtained crystallized or colorless, but as a brown mass, 
the composition of which is not yet ascertained. Bebeerine and 
its salts are bitter and highly febrifuge. Dr. Douglas Maclafaa 
and Mr. Tilley have found its composition to be the same as Uiat 
of morphine, namely Gas Hio N 0« ? 

y. Sanguinarine is found in sanptdnaria ccmadeniU. It forms a 
gray powder, which is alcaline and yields red salts. It excites 
sneezing, and is possibly identical with cheler^thrine. 

z. Azadirine, found in melia azedarachta, is alcaline, forms a 
crystallizable salt with sulphuric acid, and is powerfoUy febrifuge. 

aa. Capsicine is the active principle of the capsules of capsicum 
annuum or cayenne pepper. It has a resinous aspect and a bum- 
ing taste, but when quite pure may be crystallised. It forms crys- 
tallizable salts with acetic, nitric, and sulphuric acids. It is scuil* 
ble in alcohol, insoluble (when pure) in ether and in water. 

6b, Grotonine occurs in the seeds of croton tifflium, and may bt 
obtained from croton oil by boiling it with water and magnesia. 
It forms crystals, which are fusible, soluble in alcohol, insoluUs 
in water. It forms crystallizable salts with sulphuric and phos- 
phoric acids. 

ce, Buxine occurs in boxwood bark. It forms a bitter, brown, 
amorphous mass, soluble in alcohol, alcaline, and forming a cry»* 
talline sulphate. It excites sneezing. 

dd. Apyrine, found in cocoa lapidea. It is a white alcaline pow- 
der, forming crystalline salts with acids. 

0e, Oynapine, from cethusa eynapium. It is crystallizable, solu- 
ble in water and alcohol, and forms a crystalline sulphate. 

ff, Cissampdine, or Pelosine, from cUsampdos paretra, is a white 
powder, soluble in alcohol and ether ; alcaline, forming soluble 
salts, of which the hydrochlorate crystallizes. 

Pff' Oxyacanthine and Berberine are two bitter substances found 
in the barberry, berberis vulgaris. The former is decidedly alca- 
line, and forms crystallizable salts. The latter is bitter, yellow, 
and feebly, if at all, alcaline. It crystallizes, and is used in dye- 
ing. Its formula is Gas His N O12. 

kh. Surinamine and Jamaicine are two alcaloids, found in gtqf'^ 
from surinamensis and G. inermis. Both are crystallizable, and 
form crystallizable salts ; those of the latter are precipitated by 
tannine and corrosive sublimate. 

ti. Pipeline, C34 H19 N Oe. — This compound is found in pepper, 
piper nigrum, and P. Ionium. It is crystallizable, soluble m alco- 
hol, very pungent. It is a feeble base, but does form sahiB, 
especially double chlorides, containing hydrochlorate of piperine. 

kk. Menispermine and Parameniapermine are found in coccuhu 
indicus, the seed of meniapermum cocculus, Menispermine is whiter 
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fivibk, cryatallizabley and forms salts, of whicb the sulphate crys- 
tallizes. Its formula is Oit Hit N Os . 

Paramenispermine has the same composition. It is less fusible, 
fait sublimes at a high temperature. It does not appear to form 
definite salts. Both are insoluble in water, and soluble in alcohol ; 
and paramenispermine is insoluble in ether. 

U, JTarmaline, C24H13NO. — This alcaloid occurs united with 
phosphoric acid in the seeds o( peranum harmala. It forms brown- 
ish-yellow prisms, bitter, astringent, and acrid, very soluble in 
alcohol, little soluble in water or ether. It is fusible, and partly 
Tolatile. It forms, with acids, yeUow crystallizable salts. By 
oxidizing agents, harmaline is transformed into a red matter, which 
farms red salts with acids. The harroala red of commerce is the 
pofwder of the seeds already transformed into the phosphate of the 
red harmaline. It is used in dyeing, especially in giving to silk 
efery shade of red, rose color, and pink. It is produced abund- 
antly in the steppes of southern Russia, and is little known out of 
tiiat country. Fritzsche states that by oxidation harmaline yields 
. two new bases, leucoharmine and chrysoharmine, the composition 
of which is not given. 

•Ml. Tkechrcmine^ C0 Hs Na Oa.^This is a crystalline com- 
pound, foimd in cacao, the seed of thecbroma cacao. It can hardly 
De called an alcaloid. It is very analogous to the next substance, 
cafieine. 

««. Caffeine, Qt'Rfk ^2 O2. Syn. ThHve ; Ouaranine, — This 
remarkable compound is found in coffee, in tea, in ffuarana offt- 
dmdii, or patdlinia sarbilis, and in ilex paraguayemis. It is best 
obtained by adding to a decoction of tea a slight excess of acetate 
of lead, and evaporating to dryness the filtered liquid. The dry 
mats, mixed witn sand, is heated in the apparatus described for 
benzoic acid, when caffeine is obtained in crystals. Tea yields 
more than 1 per cent. 

Caffeine forms fine white prisms, of a silky lustre, which are 
•olfible in water, alcohol, ana ether, bitter, fusible and volatile. 
It b a feeble base, but forms with hydrochloric acid and sulphuric 
acid, salts which yield very large crystals. 

It is very remarkable, that caffeine should approach so nearly in 
composition to alloxan and alloxan tine. Anhydrous alloxan, plus 
1 eq. water, is Cs Na Hs On, and alloxantine is Cs Na Hs Oio, 
wUle caffeine is Cs Na Hs Oa, differing from the one by 9, from 
the other by 8 eq. oxygen. 

We shall hereafter see how close a connection can be traced 
between the bile and the urine ; but in the meantime it is a most 
striking fact, that tea, coffee, Paraguay tea, and gaarana, are all 
used by different and distant nations for the same purpose, namely, 
as a refreshing and gently stimulating drink, which notoriously 
promotes the vital functions, while all these plants contain the very 

16 
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same compoand, and that one allied to thej>tle and the urine, (he 
chief products of the vital metamorphosis. The quantity of caf- 
feine in tea is indeed small, hut not too small to have a perceptible 
influence on the system. Peligot has shown that gunpowder tea 
contains 6 per cent, of theine (caffeine). 

By the action of nitric acid, caffeine yields a crystalline nitro- 
genized compound, nitroth^ine. 

Besides caffeine, or theine, tea contains 14 or 15 per cent, of 
caseine, and the leaves are therefore nutritious, when eaten, as 
they are by some oriental nations. 

e. Alcaloids found in the Animal Organism. 

Only two such bases are yet known, namely: urea, already 
described as occurring in the urine ; and kreatinine, which Liebu[ 
has detected both in the juice of flesh and in urine, and which wul 
be described as an artificial base, it having been first observed as 
a product of the action of acids on kreatine. 

The following substances have been noticed as alcaloids, but 
are very little known : castine in vUex agnus ctutus ; cicutine in 
dcuUi virosa; chserophylline in ckoerophylhan bulbosum; esen* 
beckine in esenbeckia fthrifuga ; digitalinc in digUalis purpurea; 
eupatorine in evpatorium cannabinum; euphorbine in eupharbium; 
convolvuline in convolvulus scammonium ; and pereirine in pereira 
bark. 

2. Aetificial Oroahic Basis. 

Within the last few years, a very considerable number of arti- 
ficial organic bases have been formed, and the number is rapidlj 
increasing. We have already briefly alluded (page 499) to the 
sources and mode of preparation of this class of artificial com- 
pounds, but we shall here offer a few general remarks on the 
subject. 

All the organic bases, at least all those which are analogous to 
ammonia in their relation to acids, and the salts of which undeivo 
the ordinary decompositions, contain nitrogen as an essential ele* 
ment. The only organic compounds ever called bases which do 
not contain nitros;cn, are the oxides of ethyle, methyle, and other 
analogous radicals. But, as formerly observed, these oxides have 
not the above mentioned characters of ammonia, and their salts 
do not undergo the usual decompositions. It is true that oxide 
of cacodyle, which is a perfect base, contains no nitrogen ; but 
cacodyle has all the chemical relations of a metal, and its oxide 
cannot be classed with the true organic bases. 

Nitrogen being an essential constituent of organic bases, it is 
very natural thatitmmonia should generally be directly or indi- 
rectly concerned in their formation, when they are derived from 
non-azotised substances. Such is, in point ot fact, very oflea Cbe 
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Thus, for example, bases are formed "when ammonia acts 
on oil of bitter almonds, on furfurole, and on oil of mustard. 
Again, bases are very often formed by processes of reduction, that 
is, of deoxidation. For example, aniline, picoline, and leucoline, 
occur in the destructive distillation, a process of reduction ; and 
thialdine is formed by the action of sulphuretted hydrogen, a pow- 
erful reducing agent, on aldehydammonia. Here ammonia is also 
present ; and perhaps the most powerful and successful means at 
our command for the production of artificial bases, is the combined 
action of ammonia and sulphuretted hydrogen, or, in other words, 
the use of sulphide of ammonium. 

Bases are obtained when sulphide of ammonia is made to act 
on nitronaphtalase, nitronaphtalese, nitrobenaole, dinitrobenzole, 
and nitrotoluole. 

In some cases, bases are formed when azotised compounds are 
beated with potash or with baryta. Thus, isatine, chlorisatine, 
dkc, when heated with potash, yield aniline and chloraniline ; leu- 
ooline is formed bvthe action of potash on quinine, <fec., melamine 
and ammeline, when melam is boiled with potash ; glycocoll is 
obtained by heating gelatine with potash, and sarcosine, by heat- 
ing kreatine with baryta. 

As, in most of these cases, hydrogen gas is given off, the process 
is apparently one of partial oxidation, and we see therefore that 
reduction is not esssential. 

Occasionally, acids, when boiled with azotized compounds, give 
rise to bases. Thus, glycocoll is formed when hippuric acid is 
boiled widi hydrochloric acid; and kreatine, when boiled with 
strong acids, yields the base, kreatinine. 

Artificial urea, already described, is produced by a spontaneous 
transformation of cyanate of ammonia. 

Such are the modes in which artificial bases are formed, as far 
ts we know them at present. Most of them are of very recent dis* 
oovery, and it is probable that, when more extensively applied, 
ttey will yield many new bases. New methods will also be dis- 
covered, and we may hope, ere long, to solve the problem of the 
artificial production of the vegetable alcaloids, a class of com- 
pounds of the highest value in medicine. 

Already, we have formed artificially two natural bases, namely, 
kreatinine and urea ; and although we have not yet produced 
quinine or morphine, yet several of the artificial bases approach 
Tery closely in composition to that class of bodies. Thus furfurine, 
Ob N2 His 0«, approaches to morphine, CssN Hio Oe. Again, we 
cannot yet form nicotine, CioHs N, or conicine, CnHkN; but we 
bave produced aniline, C12H7N; leucoline, CisHsN; toluidine, 
CuHo N; semin^phtalidine, CioHf N ; and naphtalidine, OnHo 
N ; and several of these approach to nicotine and conicine as 
eloseljr in properties as they do in composition. 
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It 18 imp(Hrtant to observe, that we seem to have acqnired, m 
some degree, the remarkable power possessed by the living ve^ 
table, of causing less complex molecules to coalesce so as to ffive 
rise to those which are more complex. Thus, when (h1 of bitter 
almcHids, Cm Ua Oa, is converted into amarine, CaHuNa, or pic- 
rine, CuN4 Hit On, 3 eq. must have coalesced into 1; and to yield 
lophine, C« Hia Na , 4 eq. must have been used. Again, when 
iurfurole, CuHa 0«', yields furfurine, CnNa HitOa, 2 eq. must 
have coalesced. Till Uie discovery of such artificial products, all 
those organic compounds formed by art were the results of aa 
opposite process, namely, of the breaking down, or resolution, of 
more complex into less complex molecules. We could imitate 
nature in her destructive processes, but not in those of a constma- 
tive character. Now, to a certain extent, we can do both. It is 
hardlv necessarv to point out the importance of the power alluded 
to, which may hereafter lead to the discovery of the means of 
artificially producing the highly complex molecules which charae- 
terize the animal kingdom. It is in this point of view, that the 
formation of artificial bases is so interesting, and on this account 
we have dwelt at some length on the general nature of the pro- 
cesses employed to produce them. 

We shall now briefly describe the artificial bases, in so £ur as 
they have not hitherto been mentioned, and we shall group them 
according to their properties and the sources whence they are 
derived. 

a. Volatile Oily Artificisl Alcaloids. 

^ni^tit^, Cu Ht N. 6rir. Crystalline; Benndam; Cyonofo.— • 
This base has already been described as derived from indigo^ 
anthranilio acid, and isatine, and as produced also by the action 
of bases, aided by heat, on nitrotoluole, (protonitrobenzodneK 
It is further produced, along with other bodies, when nitrobeniole 
(nitrobenzide) is distilled with alcohol and potash, and when the 
same compound is acted on by sulphide of ammonium. Lasdy, 
it occurs m coal-tar, and' in the oil obtained by the destructive 
distillation of animal matter. 

We shall here give, in one view, the equations which explain 
the production of aniline, as no otlier compound admits of being 
produced in so great a variety of ways, and all these equations are 
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1. CuNHaOs,HO =: 2 C Ot + CitHvN 

Anthnnilic add. Aniline. 

3. C NH5 0«+4(KO,HO)=4(KO,COf) + C«HTN + Ht 

Iwtine. AniiiiM. 

8.Cu IjJoil +aBaO = a(BaO,COf) + CitH7N 



HttntotaMls. 
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$. «C.. InO*! +C«H60f+2(KO HO)==C»H*N+CrtH'rN 

^"T^T"; ' Alooliol. AMobKuU^ AnUIn*. 

mtrobtnsole. 

+ SCt09,KO + 4HO 

Ozftlate of potash. 

These equations will give the reader some idea of the great 
Yttriety of processes by which one organic base may be formed, 
and it is probable that every one of these processes may, if 
applied to other compouads, give rise to other bases. In fact, 
this is already the case, as will be seen farther on, with the pnyi 
oesaes Nos. 2, 3, and 4. 

Besides the above sources of aniline there b another, namely, 
Ike destructive distillation of azotised matter. That of indigo i« 
explained by No. 1, as anthranilic acid is probably first formed 
aad then destroyed. But aniline is perhaps best obtamed from 
the basic oil of coal-tar. The crude oil of coal-tar is well agitated 
with hydrochloric acid, which takes up the basic oils in an impure 
state. They are separated fjom the acid by ammonia, and consist 
cSiiefly of aniline and leucoline. The former is found in that part 
of the oil which, when it is rectified, passes at near 360°, and it is 
purified by rectifioation till it distills at that temperature, oombin- 
mg it with oxalio acid, purifying the oxalate by crystalliiation, and 
distilling the pure salt with potash. 

Aniline is a colorless oil, highly refracting, of Sp. G* 1*020. It 
kas a burning taste, and a pleasant vinous smell when pure. It 
turns the delicate purple of the dahlia to green, but does not act 
on turmeric. A drop of it on fir-wood, moistened with hydro- 
ehloric acid, strikes a deep yellow color. It produces a deep but 
fittitive purple with a solution of bleaching powder. It neutralizes 
leids, forming salts which have a very great tendency to crystal- 
liie : hence the name crystalline. In combining with oxygen 
acids, aniline, like ammonia, takes up 1 eq. of water, but it com* 
bines directly, like ammonia, with hydrogen acids. Like ammonia 
also, its chloride forms double salts with bichloride of platinum 
and other analogous salts. 

Nitric acid converts aniline into nitrophenisio (picric or nitropic- 
rie) acid ; and by the action of chlorine, and of chlorate of potash 
with hydrochloric acid, it is converted into chlorophenisic and 
ohkroplienusic acids, chloranile and trichloraniline. Bromine 
Dfoduoes tribromaniline. These transformations prove that aniline 
oelongs to the series of phenyle, as formerly explained. In fact, 

it has the composition of phenylamide, for Cii H? N s= Cii < a ^ [ 
8m Uble, p. 495. «^^> 
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The analogy of anifine with ammonia extends beyond what has 
been above stated ; for as ammonia forms, under certain circum- 
stances, such compounds as oxamide and carbamide, the latter 
only known in combination, so does aniline, under similar circum- 
stances, yield analogous compounds, oxanilide and carbanilide. It 
even yields formanilide, the analogous compound to which, for- 
mamide, is not known. A compound has also been obtained 
in which the oxygen of carbanilide is replaced by sulphur. — 
( Qtrhardi. Hoffman), 

Hoffman has also discovered that cyanate of aniline spontane- 
ously passes into aniline-urea, as cyanate of ammonia does into 
urea. 

It has already been mentioned, that by heating chlorisatine, 
bromisatine, <&c., with potash, bases and neutral compounds are 
obtained in which the hydrogen of aniline is replaced by chlorine 
and bromine, and that by the action of sulphuretted hydrogen and 
ammonia on dinitrobenzole, another base, nitraniline, u formed, in 
which 1 eq. of hydrogen is replaced by 1 eq. of nitrous acid. A 
table of these last compounds having been already given (see p. 
496), we shall here give only a tabular view of the analogy 
between aniline and ammonia. 

Ammonia in its 5 w it. Aniline in its 5 p M Hi 
chloride, Ac. ) " "» chloride, &c. )^»""^ 

Ammonia in its ^NH3,H0= Aniline in its (Ci8NH7,HO^ 
sulphate, &c. f N H4, sulphate, &c. ) Cit N Ht, O 

Ammonia plati- INH4C1-{- Aniline plati- % CiiN Ht,Cl-|- 
num salt, &c. \ Pt CU num salt, die. ( Pt CU 

Oxamide J fwH; 0,C. 0,)-aHO^^'^'"^ |(C«NH^O.C,Oa) 

nrp« J Ca Na H4 Oa = . „.,. ^ „,^ 5 Cm Ns Ht Oa = 

^^^ \ (N H4 O, Ca N O) Amhne-urea ^ (Cu N H. O, Ca N O) 

It is impossible, after considering the facts exhibited in the 
above table, to doubt the perfect analogy, existing in ail their 
chemical relations, between ammonia and aniline. Our space will 
not admit of farther details concerning the remarkable derivatives 
of aniline here mentioned. 

Picoline, Cia Ht N, is another volatile oily base, isomeric with 
aniline, lately discovered in coal-tar by Dr. T. Anderson. It is 
found in the more volatile portion of the basic oil, boiling at 272^. 
It has no action on bleaching-liquid or on fir- wood. It is a power- 
ful base ; and as it has a strong penetrating odor, it is probably 
identical with the odorine of Unverdorben, which, however, was 
not obtained in a state of purity. Under naphtaline, we shall 
return to the isomerism of aniline and picoline. 

Leucoline, Stn. Quinoline, CisHs l^. — This base is found in 
the least volatile portion of the basic oil of coal-tar, and is also 
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fenned when quinine, dnchonine, strychnine, and thialdine are 
heated with potash. It has a disagreeable smell, and boils at 
460^. Its Sp. G. is 1*081. It neuChilizes acids, forming crystal- 
lizabl^ salts. Its refractive and dispersive power is as high as 
that of bisulphide of carbon. 

Toluidine, Cm Ho N. — This base is formed by the action of 
sulphuretted hydrogen and ammonia or nitrotoluole, as aniline is 
from nitrobenzole. It is derived from the fundamental compound 
of the series, toluole, Cu Hs, as aniline is from benzole or phfene, 
CitHa. 

Cm \^qI -H6NH4 8 = 6NHt + 4HO+ Ci4Hf N + St 

^ V ' Tolaidiiie. 

Nitrotoluole. 

Toluidine is, in taste and smell, very similar to aniline ; and, 
although solid and crystalline at the ordinary temperature, it melts 
at 104® to a highly refracting oil, which boils at 388®. It also 
tarns fir-wood yellow, with tne aid of hydrochloric acid. It be- 
longs, therefore, evidently to the class of volatile oily bases, none 
of which, as we have seen, contain oxygen. / rj > 

With bromine, toluidine yields a crystalline body, Cu -j ^ " [ N ; 

and ohlcrine appears to form an analogous compound. These 
produets correspond to tribromaniline and trichloraniline. 

Let us now place together the natural and artificial oily bases, 
and we shall he struck with the analogy in their composition. 

Nicotine CioHtN) iki„*„^i ^n. k— ^ 
Conicine Cf Hie N [ ^^^^ ^^^^ bases. 



Aniline CiHtN 
Picoline ChHtN 
Toluidine CuHtN 
LeucolineCisHt N 



Artificial oily bases. 



The analogy extends to the properties ot these bases ; for ani- 
fine is said to be poisonous, and we have seen that in all, the 
external characters are similar. 

Aniline and toluidine have been formed from the two carbohy- 
drogens, benzole CiaHe, and toluole, CmHs, by first converting 
them into nitrobenzole and nitrotoluole, and then treating these 
eompounds as above explained. It is evident, therefore, that, if 
we had the carbohydrogens, Cu He and CieHi5, we might expect 
to be able to form nicotine and conicine. 

b. Bases derived from Naphtaline. 

These bases are formed in a manner quite analogous to that in 
which aniline is produced from benzole, and toluidine from toluole. 
The carbohydrogen is first converted, by the action of nitric acid, 
into a compound in which H is replaced by NO4 ; and the new 
prodnet, aceordug to the ingenious process devised by Zinin, is 
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dissolved in alcohol, and acted on by ammonia and snlphoretted 
hydrogen. 

Seminaphtalidine, do Hs N, is obtained when nitronaphtalte is 
treated by Zinin's process. 

Cio j^^Q^+12NH«S = 8HO+12NHt + S«+2(CioHiN) 

Nitronaphtoltoe. --, ^.^ 

It forms reddish-yellow prisms, of metallic lustre, insoluble in 
water, soluble in alcohol and ether, and yielding crystallisable 
salts with acids. 

Naphtalidine, Cio Ht N, is produced, in a similar way, from 
nitronaphtalase. 

C» I^^qA +6NH4S=:4HO + 6NHj-t-Si + CaoHfN 

Niironaphtalaie. ^ 

It appears in the form of colorless cirstals, soluble in alcohol 
and ether, and combines with acids, yielding crystallizable salti* 

c. Bases derived from Oil of Mustard. 

These bases have already been briefly described under (he head 
of oil of mustard. They are as follows : 

1. Thiofinnamine, Cs Ht Na Ss, formed by the action of am- 
monia on oil of mustard. 

Ca Hs N Sa + N H 3 =: Ct Ht N't Sa 

Oil of mustard. ThIorinnMMlne. 

2. Sinnamine, Cs Hs Na or C4 Ha N, formed when thiosinna- 
mine is acted on by hydrated oxide of lead. 

CsHa N2Sa+2(PbO,HO) = 2PbS + 4HO+C8HeNi 

Thiosiniuiiiine. Slnnamiiw. 

3. Sinapoline, CuHnNaOa, formed when oil of mustard is 
acted on by baryta or oxide of lead. 

a(Ci Hi NSa)-t-6PbO + aHO = a(PbO,COs) + 4PbS + 



^, ^ " ^ ^ ' Cu Hi« Na Oa 

Oil of mcurtard. . 



Sinapoline. 

The above equations will serve to explain the formation of these 
remarkable compounds, all of which, it will be seen, are produced 
by the action of bases, and one of which contains sulphur, an 
element hitherto only known to occur in one other organic baae» 
namely, thialdine. 

d. Bases derived from Aldehyde. 

These bases are of recent discovery, and have been briefly 
mentioned under Aldehyde. For the convenience of the reader* 
we here repeat the equation Which illustrates their fomuUian. 
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t<NHs,C4H4 0t) + 6HSs2(NH4,S) + 6HO + CiiHisNSs. 

N , / ^ ^ J 

AldehydammooU. ThiAldint. 

Eblenaldine, Cu His N Set , is formed by a perlectly analogous 
proeess. 

e. Bases derived from Melam. 

These bases have been already described, p. 322 ; but we shall 
here repeat the equation, for the sake of easy reference. When 
mehun is boiled with potash it yields two bases, melamine and 
■mraeline. 

CuHii Of +2 (K O, H O) = Ce Hb Ne + Ce N$ Hs Oa + 2 K O. 

MbIsoi. Melamine. Amraeline. 

/. Bases derived from Oil of Bitter Almonds. 

Two of these bases have also been mentioned, p. 350, and 
mother has since been described. We shall now, as was pro- 
mieed under Atnarine and Lophine, give a brief account of these 
oompoondB. 

Amarine, C4sHuN9, is formed from hydrobenzamide, with 
which it is isomeric or polymeric, by boiling the latter compound 
with potash. The formation of hydrobenzamide is thus explained : 

8 (Cm He Oa ) + 2 N H 3 = 6 H O + C42 Hw N, . 

V .1 I . y / V y / 

Ujduret of Benzoyle. HydrobetuHunide. 

When hydrobenzamide, a neutral compound, is boiled with 
potash, a new arrangement of particles takes place, and a base 
It the result. It is possible that hydrobenzamide is really = 

I* — f ; or, if we represent -^ (i of N) by Az, then hydroben- 

samide will be Cu He Aza; that is, hyduret of benzoyle, in which 
Os is replaced by Aza . In this case 3 eqs. of hydrobenzamide, 
ObtHi Aza, coalesce to form 1 eq. of amanne ; 3 (CuHe Aza)= 
CbHifNa. 

Amarine forms fine white needles, soluble in hot alcohol, 
insoluble in water. It has all the characters of a powerful organic 
base. 

Lophine, C4 HiaNa, is formed when hydrobenzamide is distilled. 
Ammonia is given off, then a fragrant oil and a mass is left, from 
which ether removes a substance not yet examined, leaving the 
lophine undissolved. Lophine is soluble in alcohol with the aid of 
wMm, and is precipitated by ammonia. It forms fine silky crystals, 
which possess all the characters of a base. We cannot as yet 
represent its formation accurately, because the accompanying pro- 
duets have not yet been properly investigated ; but it is evident 
tlMil if hydrobenzamide be C42 His Na, then 2 eq. at least must be 
required to yield one of lophine ; and if hydrobensamide h0 
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Ci4 Ha Aza, as su&^ested under Amarine, less than 4 eq. codd not 
furnish one of lopnine. 

By the action of hot nitric acid» lophine yields a yellow 
cnrstalline compound, trinitolophyle, the rormula of which is CS« 

Picrine. Stn. Picryle, C41H15NO4, — Is formed when the 
mass produced by acting on oil of bitter almonds by sulphide of 
ammonium is distilled. It is one of a large number of products, 
not fully examined, so that its formation cannot be represented in 
the usual way. It must be produced, however, by the coalescence 
of 3 eq. of the oil. It forms colorless octahedrons, insoluble in 
water. It appears to have the properties of a weak base. 

By the action of nitric acid, picrine is converted into a yellow 

crystalline powder, trinitropicryle, C42 Jotjq JNO*. 

The formation of the three preceding oases is very important^ m 
reference to the views expressed in Uie general remarks on tlie 
artificial bases, as they are good examples of the power of building 
up complex molecules from such as are less complex. 

g. Base derived from Furfurole. 

Furfurole, Cis He 0«, is a volatile oil obtained by heating bm 
with sulphuric acid. When this oil is acted on by ammonia^ il 
yields a crystalline compound, furfurolamide, analogous to hydro- 
benzamide. Its formula is CisN He O3. 

Ci6HaOa+NH9=3HO + C»HtNOs. 

Forfarole. f ur ft ir o l— M s 

Furfurine, CaoHis Na Oe, is a base, formed when furfuiolamidtt 
is dissolved in hot potash, just as amarine is formed from hydr(K 
benzamide. Here 2 eq. of furfurolamide coalesce to form 1 eq. of 
the base. 

Furfurine is a powerful base, soluble in hot water, and crysiat 
liznble. It expels ammonia from its salts when heated with thenit 
and forms crystalline salts with acids. In composition it approaches 
nearly to several vegetable alcaloids. 

A. Bases derived from Narcotine. 

These bases, cotamine, CeHtsNOe, and narcogenine, CS«Bbi 
N Oio, have been already described under Xarcotine. 

t. Bases derived from Animal Products. 

OlycocoU. Stn. Sugar of gelaiine, C4 NHi O4. — This remark* 
able compound was first obtained smong the products of the 
decomposition of gelatine by boiling with potasn or with acids. 
But Dessaignes has lately discovered that it b best prepared bf 
heating hippuric acid with hydrochloric acid, when water is takes 
up, and benzoic acid is the only other producti 



CitNHt Of+SHOs=:C>4Ha04+C4 NHs O4. 

Hjdrated hlpptuic add. Hydnted bcnsote add. Ilydratcd glycoooll. 

It forms large transparent crystals, soluble in water, and y,erj 
iweet. It has the properties of a base, and neutralizes acids, form- 
hg beautifully crystallized salts ; but Horsford has shown that it 
•ko Gombines with bases and neutral bodies. By its composition, 
it b closely related to many different compounds, and probably 
pliurs an important part in the animal organism. 

Barcosine, C8NH7O4. — This, base is formed, along with 
vnfetL, when kreatine is boiled with baryta ; but the urea is resolved 
into carbonic acid and ammonia. 

CtN» HiiOi+aBaO + 2HO = 2(BaO,COa)+2NH3+. 



yyJiattd KrefttiiM 



V ' C«NH7 04. 



Saroosine. 



Sarcosine forms right rhombic prisms, soluble in water, fusible, 
and Yolatile at a heat not much beyond 212®. It neutralizes acids, 
and has all the characters of an alcaloid. It is isomeric with ure- 
thane, or carbamate of oxide of ethyle, and with lactamide, or 
anhydrous lactate of ammonia. 

K'eatinine, Cg Na H? Os. — This base occurs in the juice of 
fleah, and in urine — {Liehig) ; but it was first observed as a pro- 
duct of the action of acids on kreatine. When kreatine is boiled 
with hydrochloric acid, 4 eq. of water are given off, and the new 
base b found combined with the acid. * 

CtNa HiiOf+HCl = 4HO + (CiN8H7 Oa-f HCl). 

^ V ' ^ M ' 

Xnttttne. Hydrodiloraie of kreatine. 

Ereatinine is separated from the hydrochlorate by means of 
onde of lead. It forms prisms, soluble in water and alcohol. It 
tombinea with acids, yielding crystal! izable salts, and it has all the 
oharacters of a powerful organic base. 

Kreatinine is important, as occurring in the animal organism. 
Under the urine and the juice of flesh we shall return to it. The 
aubstance discovered by Pettenkofer in urine, is, according to Lie- 
big, a mixture of kreatinine with kreatine. 

We have now gone through the artificial as well as the natural 
akaloids, and the present is the proper place to say a few words 
OODceming the constitution of this class of compounds. Of the 
eooatitution of the vegetable bases nothing certam is known ; but 
the modes of formation of the artificial alcaloids have suggested 
certain views as possible or even probable. 

In the first place, it may be considered very probable that all 
akaloids are formed by substitution from other substances, as for 
iple, aniline from nitrobenzole, and toluidine from nitrotolnole* 
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In the next place, some of the alealoids mnjhe Tiewed as com- 
pounds of amide, as, for example, aniline, which has the compodi- 
tion of phenylamide : 

CisH7Nt=:CitHi+NHt. 

The other artificial bases analogous to aniline may be rewdad 
in the same way; leucoline as CuHt +NHf, or toloidine at 
Cu H? + N Hs ; being derived, on this view, by substitution of 
amide either for hydrogen in the carbohydrogens, CitHt, Ca 
Ht, and Ci4 Ht, or for nitrous acid in the compounds, Cii 

woich contain no oxygen, seem to have the simplest constituticm. 
But, thirdly, there is among the artificial alc^oids a substanoe 
which may be taken as the type of a somewhat more complex 
class, in which the hydrogen of the fundamental compouna of 
the series has been replaced by some compound of nitroj^n aad 
oxygen. This substance is nitraniline, which is Cit Nt Ht O4 ss 

Fresenius suggests that many of the natural alealoids, contain* 
ing 4 eq. of oxygen and 2 of nitrogen, may have a constitution 
analogous to that of nitraniline, in which 1 eq. 9f hydrogen ii 
replaced by 1 eq. of nitrous acid. For example, strychnine. On 

Ns H29O4, may ^ ^ jx O i ^' Quinine, menispermine, ater 

phisaine, and delphine, may all be associated with strychnine. 
Chelidonine, C40K3 HaoOa, may be aocording to Fresenint, 

binitrichclidonine, ^ i 9 tJ^ q ( ^ ' 2 eq. of hydrogen being 

replaced by 2 eq. of hyponiirous acid. , 

Where the alcaloid contains 2 eq. oxyc^n and two of nitrom^ 
the replacing body may be deutoxide of mtro^en. Thus, oaffein^ 

Ct Na Ha Oa, may be nitre-cafieine, Cs < ^q > N; andtotUi 

class would belong cinchonine and sinapoline. Urea may be added* 

as it may be Ca < ^*q [ N. 

Another class may contain protoxide of nitrogen as repladQg 
substance. Thus, harmaline, Cu His Na 0, may be nitra-hamu^ 

line, C24 \ \t^q[ N ; and theobromine, Ca Hs Na Oa, may be bin!* 

tra-theobromine, Ca Jo^lqI N. 

Lastly, hydrogen may even be supposed to be replaced by nitric 
acid ; and, on this supposition, jervme, On H«5Na 0«, might he 



nitru-jervine. Cm \ %tq [ N. 
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Xho bases above mentioDed, if sueh be their true oonstitation, 
an dmved from radicals containiDg no oxygen, as aniline from 
bSBSole, dbc. But there are others, which are probably derived 
from radicals containing oxygen Such bases are morphine, code- 
ine, narcotine, and others. Of these, however, in this point of 
Tiew so little is known, that, as Fresenius observes, it is safest for 
the present to consider them as simple alcaloids, analogous to 
aniline, nicotine, or sinnamine. 

The views of Fresenius have a high degree of probability, and 
iB probably aid in enabling us to discover the true nature of the 
akaloids. He points out that, on his theory, various facts con- 
■no t ed with the alcaloids are easily explained. Thus, for exam* 
ple» it is easy to see, on his theory, that when heated with potash 
aaimonia is not given off : and their power of saturation cannot be 
voportional to their amount of oxygen or of nitrogen, as it is well 
known not to be. On the other hand, it appears to be proportional 
tp the amount of nitrogen which is not in the form of an oxygen 
ooaspound, such as N O, N Oa , N Os, N O4 , or N Os . This nitro- 
gen, generally, perhaps always, amounts to 1 eq. in 1 eq. of the base, 
aa nay be seen in Fresenius' formulae. The simple alcaloids, 
iridi as aniline, contain only that 1 eq. of nitrogen, just as ammo- 
nia does. 

Il must here be remarked that the alcaloids all appear to be of 
liha same general type with ammonia, and that, like ammonia, 
thoy unite directly with hydrogen acids, while, to combine with 
osyoen acids, they take up 1 eq. of water. This leads to the con- 
ofaanon, that if, in the case of ammonia, there is formed a compound 
analogous to metals, ammonium, which unites with salt radicals, 
while its oxide combines with oxygen acids, the same is probably 
tne of the alcaloids. Thus, when ammonia acts on hydrochloric 
add, we have N Hs -{- H Gl = N H4 + 01, chloride of ammonium, 
asd when aniline combines with the same acid, we may suppose 
tile change to be analogous : O12 Ht N + H 01 = Oia Ht N 01, 
dlloride of anilium. Again, sulphate of ammonia, N H3,H0, 
BOs, is usually considered to be sulphate of oxide of ammonium, 
1TH4,0 + S0s, and so, in like manner, sulphate of aniline, 
OsHt N, HO, SOs, is probably sulphate of oxide of anili- 
um, OuHt N, -{- 8 O3. If true of one, this is probably true 
of all. 

8ach is the present state of our knowledge with regard to the 
aleiloids ; and, although it is still very imperfect, yet it is evident 
tiiai we are now making some progress in this department of 
aoionce, and may hope speedily to advance much f&rther. 

We now come to a class of compounds, very widely distributed 
ill the vegetable kin^om, but not exhibiting the same varieties as 
Am class hitherto described, and not characterized by the same 
marked propertiee. This is the class of neutral or indifferent 
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asotized bodies, whicli are never poisoncms, hardly eTen possetted 
of medicinal properties, and exhibit no striking chemical cnaraeten. 
It includes starch, gum or mncilage, pectine or vegetable jelW> 
and woody fibre or lignine, with their derivatiyes. We can only 
describe them briefly. 

IKDIFFERENT NON-AZOTIZSD OOMPOUKOS. 

1. Stabch. CuHmOk. 

This very important compound is universally diffused in the 
vegetable kmgdom. It occurs in seeds, as in those of wheat and 
other cerealia, and also in the leguminosas ; in roots, as in the tuben 
of the potato ; in the stem or pith of many plants, as in 9a^ 
rumphU ; in some barks, as that of cinnamon ; and in pulpy 
fruits, such as the apple. Finally, it is contained in the ezpressad 
juice of most vegetables, such as the carrot, in a state of raspaft- 
sion, being deposited on standing. 

It is chiefly extracted from wheat flour (common starch) ; from 
potatoes (potato starch) ; from the root of jairopha numikai, 
(tapioca) ; from that of marcmta arundinacea (arrow-root) ; fitw 
the stem and pith of sa^us farinifera rumpkU (sago) ; the sob* 
stances known by these difierent names being all essentially te 
same. 

When flour is kneaded with water in a cloth, the water carries 
off the starch in suspension, and deposits it on standine, leaving 
behind the gluten. By a similar process starch is purified from Iht 
cellular substance and other matters mixed with it in potatoci^ 
which are rasped, and then treated with water as above. Sago, 
being finally dried at a somewhat high temperature, acquires a 
horny and translucent appearance. 

Pure starch is a snow-white powder, of a glistening aspect^ 
which makes a crackling noise wnen pressed with the finger. Il 
is composed of transparent rounded grains, the sise of which varies 
in different plants. Those of the potato are the largest, those of Aa 
leguminosse, as peas, are very small, and those of wheat and riee 
are the smallest. Starch is insoluble in cold water, alcohol, and 
ether ; but when heated with water it first becomes viscid, and h 
then converted into a kind of solution, which, however, is not 
complete, but is rather formed by the swelling of the grains ot 
starch into a mucilaginous mass. On cooling, the whole forma a 
stiff, semi-opaque jelly. If dried up, this yields a translucent mass, 
which softens and swells into a jelly with water, like tragacanth. 
The solution, or mixture of starch and water, has the remarkabk 
property of striking a deep blue color with free iodine. Thit 
appears to be owing not so much to a chemical or definite combin- 
ation, as to the mechanical division of the iodine ; there is evan 
reason to think that the blue color is that of iodine finely dividadp 
adhering to the starch as a dye does to the fibres of clotA* 
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When starch is warmed with water, to which has heen added 
leiQier some infusion of malt or some diluted acid, the viscidity of 
the mixture disappears, and the fluid solution is no longer colored 
Ufaie by iodine. As' soon as this is the case, the whole of the 
itarch has disappeared, and has been converted into a soluble gum 
called dextrine, from its power of causing the plane of polarization 
to deviate to the right. According to the proportion of malt or of 
add, and the temperature employed, the change is more or less 
rapid ; and when the action is continued the dextrine is in its turn 
converted into glucose, or grape sugar, which from this circum* 
■tence is also called starch sugar. 

In contact with oil of vitriol, starch appears to form a compound 
or coupled acid, sulphoamidic acid. Strong nitric acid, rubbed up 
with potato starch, dissolves it, forming a viscid liquid, from whicn 
water precipitates a white explosive compound, called xyloidine. 
This compound has some of the properties of gum tragacanth, but 
h contains the elements of nitric acid, and has not yet been fuUy 
investigated. According to Pelouze, its formula is CeH4 O4 -j- 
NOf,* according to Ballot, it is CisHuNCie; but more recent 
reaearches tend to show that the formula of xyloidine is Cm 

I 9 N O ( ^*° > ^^^^ ^^' starch, in which 2 eq. of hydrogen are 

replaced by 2 eq. of nitrous acid. When starch is distilled with 
moderately strong sulphuric acid, it yields carbonic acid, formic 
■eid, and a pungent volatile oil, hitherto very little examined. 

The blue compound of iodine and starch is best prepared by 
adding to the liquid Altered from the viscid paste obtained by 
iKnling starch with water, first iodide of potassium, and then solu- 
tion 01 chlorine, as long as it causes a blue precipitate, which is to 
be washed till the water passes deep blue, and dried in vacuo. 
Be color is so intense as to be nearly black. It does not appear 
to be a compound in definite proportions. The best method of 
wing starch as a test for iodine in mineral waters, <&c,, is to add to 
the water soipe starch paste, and then a little nitric acid or chlorine. 
The latter is best added in the form of gas, its weight allowing it 
to be poured like water ; while in this way we are less likely to 
add an excess which would destroy the blue color. Or we may 

ese in the bottom of a vial the liquid to be tested, adding a 
e oil of vitriol, and suspending from the stopper a slip of paper 
iMiatened with starch paste. After a time, it iodine be present 
the paper will exhibit a tinge of blue. By these tests Triw^ 
part of iodine in a liquid may be detected. 

With bromine, starch forms an orange-yellow precipitate, which 
cannot be dried without decomposition. 

Dextrine is best obtained by heating to about 120® a mixture <^ 
■fO parts of starch paste and 1 part of strong infusion of malt, 
imu iodine no longer colors the mixture blue. Tlie addition of 
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strong alcohol now precipitates the dextrine as a thick sjrup, wlule 
any sugar remains dissolved. When dried, dextrine much resem* 
bles gum, from which, however, it differs in the extreme facilitj 
with which it is converted into sugar when warmed with dilute 
sulphuric acid or infusion of malt, and by not yielding mucic acid 
when acted on by nitric acid. The composition of dextrine is the 
same as that of starch. In fact, dextrine is supposed by some to 
be the substance which is contained in the grains of starch, inclosed 
in an insoluble membrane, which is burst in the process of conver- 
sion of starch into dextrine, or solution of starch, by means of 
acids and infusion of malt. The substance present in the malt 
which has the property of effecting this change, is called diastase. 
It contains nitrogen. 

According to other observers, the grains of starch are composed 
of concentric layers of one and the same substance (dextrme?), 
the outer layer being insoluble in water. As starch is found to 
contain a small proportion of matter analogous to wax or caoot* 
chouc, we may suppose that the presence of this matter in the 
outer layer is the cause of its insolubility, or that the whole man 
of the grains is, by its means, rendered insoluble, and endowed 
with the property of swelling tip with water to a paste or jelly. 
Dextrine will then be purified, and consequently soluble, matter 
of starch. If the outer coat be different from the contents of the 
grains, it has still the same composition ; for analysis shows no 
difference between starch, dextrine, and the insoluble matter left 
on the filter when starch is boiled with diluted acids. 

Leiocome. — This name is given to a substance having the pro* 
per ties of gum, which is prepared by simply roasting or torrefying 
starch at about 300°. It is, in fact, capable of being used, insteaS 
of gum in calico-printing, and is made on the large scale. It has ^ 
a yellowish-brown color. It is probably dextrine, more or leei 
pure, generally containing some undecomposed starch. WheB 
well made it dissolves in cold water like gum. 

Inuline, Cm Hm On ? On ILu Om ? Cm Hn 0«i ? — This is a sub- 
stance analogous to starch, in the roots and tubers of inula heUm" 
turn, dahlia variaHlis, hdianlhtts tuberosus, and many other synaii> 
therous plants, which do not yield ordinary starch. 

It is extracted from the roots by boiling water, and is deposited 
by the concentrated decoction as a brittle white mass, formed of 
crystalline grains, or as a fine powder. It is tasteless, insoluble 
in cold, very soluble in hot water. Diluted sulphuric acid, with 
the aid of heat, rapidly converts it into grape sugar, from which, 
like starch, it differs only by a certain amount of the elements of 
water. This may be seen by the above formulae, which represents 
inuline from different plants, as it exists in its compounds with 
oxide of lead. It would appear to differ in different vegetables, 
but always retaining the character of this class of bodies, namely, 
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ttM prawnce of hydrogen and oxygen in the proportions to form 
water. Iodine colors it slightly brown. 

lichenine, CiaHioOio. — This is a variety of starch found in 
Sekm iiiandicus, or Iceland moss. It forms, when pure, a nearly 
eoloileaa, tasteless mass, which swells up into a transparent jelly 
wUh cold water, and dissolves entirely m hot water. When its 
■oliition is boiled it forms pellicles like milk, which adhere to the 
vanel. Its solution is not colored by iodine, but the jelly is ren- 
dered blue by that test. By diluted and boiling sulphuric acid it 
ii converted into sugar ; by nitric acid, into oxalic and saccharic 
aods. It has the composition of starch. 

Saponine is the name given to a variety of stkrch obtained from 
die root of 9apcnaria officinalu. Its properties are little known. 

a. Gum. 

This name was formerly given to almost all exudations from 
plants. It is now limited to certain rather abundant substances, 
which are solid, uncrystallizable, transparent, or translucent, color- 
kta, or nearly so, tasteless, inodorous, soluble in water^ or at 
least softening in it, and insoluble in alcohol, ether, fat, and vola- 
tDe oils. They vield mucic acid when acted on by nitric acid. 
They may be divided into gums which dissolve in cold water, 
/an&ine, mucilage), and gums which only swell up to a jelly, 
{trsgaeanth or bassorine, cerasinc, pectine). Arabine and cera- 
sine contain oxygen and hydrogen in the proportion to form water: 
the other gums are nearlv analogous in composition. 

Arabine, or gum arable, is found as an exudation from several 
qpedes of acacia. What is called gum Senegal is essentially the 
same. It is nearly colorless, transparent, hard, and brittle, and 
has a mild taste. It is very soluble in cold water, and forms a 
viscid mucilage, from which alcohol precipitates the gum. The 
dilated solution is precipitated by silicate of potash, subacetate of 
l^ad and protonilrate of mercury. When a mixture of gum, water 
and Sttlj^nuric acid is kept for some time at a temperature near 
boiling. It is converted into grape sugar. The composition of o;um 
is OitHiiOii, that is, the same as that of cane sugar, which 
aeooiints for the transformation. Arabine yields 2 or 3 per cent 
ef ashes, containbg a good deal of lime. 

Hvcilage is the name given to a substance resembling gum, 
iMmd in many vegetables, such as linseed, aUhoBa, and others. It 
diffsrs from arabine in being less hard when dry, and less trans- 
parent It would appear, however, that the mucilage of althaea- 
iDOi is essentially starch inclosed in cells formed of woody fibre or 
eelhilose. The different mucilages are resolved into erape sugar 
by being heated with dilute sulphuric acid, and therefore may be 
eensidered as containing, like starch and arabine, water plus 
earbon. Since all these mucilages contain much mineral matter^ 

10 
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tbe mucilage of linseed, for example, leaving 11 per cetii, of mAm 
rich in lime, it is probable that their peculiar qualities depend ott 
the presence of phosphate of lime or other salts of lime, disgvit- 
in^either starch or arabine. 

bassorine is the name given to a substance which forms Iht 
chief part of gum tragacanth and of gum bassora, and also, accord* 
ing to some, of salep, a mucilaginous substance, obtained from the 
bulbs of orchis mascida. According to Schmidt, howerer, salep ii 
really formed of swelled up grains of starch. 

Pure bassorine resembles arabine in appearance, but is len 
transparent, and instead of dissolving in cold water, only swells up 
to a very great extent, forming a viscid mass. Its composition u 
analogous to that of arabine, and by digestion with diluted suI- 
phuric acid, it is transformed, like salep, into grape sugar and 
cellulose. Cerasine is the name given to that part of the gum of 
the cherry, phim, or almond trees, which is insoluble in coU 
water. It is probably indentical with bassorine, or with salep. 

During what is called the viscous fermentation, which (aket 
place in certain sweet vegetable juices, as that of beet-root, thers 
IS formed, along with lactic acid and mannite, a mucilaginovt 
compound, which causes the viscidity. When dried, it has nearif 
the characters and composition of arabine. 

Pectine is the substance which causes the juice of some palpT 
fruits, as apples and pears, to coagulate or gelatinize when mixed 
with alcohol, by which the pectine is precipitated. When dried^ 
it resembles gum or isinglass, and forms a jelly with water. By 
the action of nitric acid it yields oxalic and mucic acids. It gen* 
erally yields about 8 per cent, of ashes, containing much phot- 
phate of lime. In contact with alcalies, it is transformed into 
pectic acid. Pectic acid is easily obtained from many vegetables, 
as, for example, rasped carrots, by washing them well with dla* 
tilled water, and then boiling 50 parts of the squeezed residiit 
with 300 of water and 1 of potash. The pectate of potash ii 
deposited as a jelly in the filtered liquid on cooling. Either lUi 
salt or the pectate of lime may be decomposed by diluted hydro- 
chloric acid, which leaves the pectic acid as a jelly, which dries 
up into transparent laminae, insoluble in water, but very soluble in 
alcalies. From these solutions acids precipitate it as a jelly. In 
this form it is slightly soluble in boihng water, but the solution 
gelatinizes on the addition of acids, salts, alcohol, or sugar. It b 
supposed not to exist ready formed in the plants, but to be produced 
by the action of alcalies on pectine. 

The alcaline pectates, when dry, form gummy solids, soluble tn 
water. Alcohol causes the solution to gelatinize, and even an exoesi 
of potash or soda has the same effect The earthy and metalBe 
pectates are gelatinous and insoluble. When dried, pectine, peetie 
acid, and all the pectates, assume a cellular struotore, so to npcat 
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The jelly formed in cnrrant jnice, as well as other juices, by 
the addition of sugar, is pectine or pectic acid. The boiling of 
sueh juices probably promotes the formation of jelly ; for it has 
been shown that when the insoluble part of unripe currants, after 
being washed, is boiled with water acidulated with a vegetable 
•eid, a considerable quantity of pectine is formed, probably by a 
tnnsformation of the cellular tissue. 

The composition of pectic acid is not fully ascertained* Accords 
faig to Regnault it is Cis Hs On, or Cit Ht Oio, H O. According to 
Mulder, it is CisHt Oio. But the researches of Chodnew have led 
him to adopt the formula Css Hts Om, 2 H O = C« Hao Oa. In all 
the formula there is an excess of oxygen over hydrogen. 
^ The whole subject of the mucilaginous compounds, inoludinff 
pectine and pectic acid,, is still very obscure and requires renewed 
investigation. 

Apiine b a substance analogous to pectine, found in parsley, 
€ipmm pravioleni, 

Glycyrrhizine is the name given to a substance resembling 
both sugar and gum, which is the chief ingredient in liquorice, 
the juice of the root of ^jfcyrrlaza glabra. It is soluble in 
hot water, and gelatinizes on cooling. Its taste is sweet and 
alio acrid ; but it does not, like sugar, undergo the vinous fer- 
■MfBtation. Its formula is said to be Cm His O0. 

Sarcocolline is a gummy matter found in the sarcocolla of oom- 
flMirce, which is the dried juice of ptnma mucronata. It is soluble 
IB alcohol and water, and has a taste both sweet and bitter. 
Formula, Q» Hn Oio ? or C^o Hai Ou ? 

8. Woody Fibeb. 

The skeleton of plants, after everything soluble in water, alco- 
hol, ether, diluted acids, and diluted alcalies has been removed, 
b eidled woody fibre. It varies in aspect and in composition as 
obtained from different plants. That of box or willow, when 
dried, is Cn He Ot ; that of oak is C* Hn O22 ; and that of beech 
b intermediate between these two. All varieties, however, may 
be represented as composed of carbon plus water. 

Recent researches have shown that wood is composed of two 
parts : 1 . cellulose, which forms the parietes of tne vegetable 
oells ; and 2. limine, which fills those cells, or forms an incrusta- 
tkm on their wsuls. The latter dissolves in strong nitric acid ; the 
former is left undissolved. Again, oil of vitriol dissolves cellulose 
without blackening, and it appears to convert it into dextrine, with 
which it agrees in composition ; while lignine separated from oel- 
hdote U said to contain CssHm Ojo. 

Linen, cotton, and paper are woody fibre, more < 
All these substances, and others of similar natoret 1 
•■oh aa tow and sawdust, yield, when acted on 
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ezploMTe eomiKHi&ds, analogous to tint obtained from starohy 
already described under the name of zyloidine. 

Ghin -cotton is best made hj immersmg for two minutes 1 part 
of clean dry cotton wool in about 10 parts of an acid composed tf 
equal volumes of oil of vitriol, 8p. G. 1*840, and nitric acid, 8p. 
G. 1*510. It is then gently pressed, to expel as much as posnbie 
of the acid, rapidly washed with water, till the water runs off 
tasteless, and aried by a gentle water heat. 100 parts of dry 
eotton are found, when thus treated, although little changed m 
appearance, to have increased in weight to 169*6 parts. Of tins 
weiffht 102-6 parts are nitric acid, and 67, or two-thirds, of the 
original weight, are derived from the cotton, and represent what 
may be called anhydrous cotton, the remaining one-third, or 59 

fartfei, having been lost in the shape of water, which has oott- 
ined with the acid. 

According to Porret and Teschemacher, anhydrous eotton is 
GisHs Os, and gun-cotton is CuHt Ot -|-4NOs, which eorret* 
ponds to the above proportions. But the ffun*cotton may also be 
tiiHtOis+4N04, or GnHt Oie-f 4N03 ; while zyloidine, 
whether from starch or from woody fibre, is Gu Ht Ot + SNOit 
GuHtOio-f 2N04, or GiiHt Os+ ^NOa. This ezplains tibe 
superior explosive force of gun-cotton, the combustion of whieli 
must be much more complete. In Aict, when exploded, it leaf^ 
no visible residue. 

It is not probable that gun-cotton will supersede gunpowder far 
fire-arms, as it is expensive, and its preparation is somewhat uncer- 
tain. But when well made, it explodes so rapidly that it wBI 
probably be found advantageous in the blasting of rocks. 

By the continued action of acids or of hot alcalies, woody fibre 
yields a substance which is colored blue by iodine. Linen, cottoft» 
or paper, all of them different forms of woody fibre, when mois- 
tened with pretty strong sulphuric acid, are converted apparentty 
first into dextrine, and afterward into grape sugar. When heated 
with a more diluted acid, linen yields an amylaceous pulp hardly 
sohible in water, the composition of which is GitHioOio. 

When exposed to air and moisture, wood undergoes eremacst- 
sis, being slowly converted into a friable mass, which contains a 
larger proportion of carbon than the original wood. It would 
appear that the oxygen of the atmosphere combines with the hy- 
drogen, and that carbon and oxygen are given off from the residw 
as carbonic acid, G Oa. As the residue is foimd still to consbt of 
carbon and water, it is evident that for every equivalent of carbon 
removed, there arc separated 2 eq. of oxygen and hydrogen, so 
that the proportion of carbon to water in the residue is constantly 
Increasing. Woody fibre Cm Hsi O23 will thus yield first a residue €• 
GasHnOo; then G34HisGm, GaaHieGie, and soon. When airn 
left in contact with moist wood, its oxygen is removed and replae6d 
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\ff SB equal Toliiine of carbonic acid* This is one chief source of 
ttii imaJubritj of marshy districts; and the effect is seen still 
noi^ atrikingly in the case of houses which have been submerged 
IB WM inundation, which are yery unwholesome as long as the 
wood is mdsL 

The tendency of wood to decay is checked or destroyed by acids 
•ad many salts, especially corrosive sublimate. Out of contact of 
atr, moist wood putrefies, yielding a white friable residue, contain'^ 
mg leaa carbon wan the wood. One specimen yielded C»Hi7 0», 
while the corresponding product of eremacausis above mentioned 
b ObHii Oflo, and the wood GmHsOsi. 

The composition of brown coal is analogous to that of wood par- 
tially decayed, but subjected to changes of the nature of putrefac^ 
tMNi» as well as to eremacausis. Two specimens of brown coal 
yieUed CstHai Om and Gs His O9 . 

All Ihe above products of decomposition of wood may be derived 
from oak wood, Cm Hb Ok, by the fixation of oxygen, and the sep- 
amlkm of water and carbonic acid. 

When the substance called mould, which contains tJie debris of 
decayed vegetable matter, is boiled with alcalies, the filtered solu- 
tion deposits, on the addition of acids, a brown precipitate, which 
kaa been called ulmine, humus, humine, geine, ulmic acid, humic 
$Mf and geic acid. It is generally admitted that this precipitate 
h a product of the action of the alcali on the decayed vegetable 
simtter; and the name of humus, humine, or geine is given to the 
rabetance which is believed to 3rield the humic acid. But this 
humus has not been isolated, and is not known. 

Mulder examined the precipitates obtained from a variety of 
dUbrent sources, decayed wood, turf, peat, mould, <bc. With one 
^leeption, he found all to contain nitrogen, varying from 2*6 to 7 
per cent It is evident that these substances are vegetable matter 
m diflferent stages of decay. Mulder considers these precipitates 
at oompounds of water, or water and ammonia, with three different 
aeids: 1. acid of mould, C40H12O14; 2. humic acid, C^oHisOii; 
3. ulmic acid, C^oHu O12. 

When sugar is boiled with diluted acids, it vields brown 
tabstances analogous to, if not identical with, these acids of Mulder. 

It is important to observe the general presence of ammonia in 
BMrald, dpc. This ammonia has no doubt been absorbed from the 
afar in great part ; and this will explain the favorable influence 
wkieh these substances exert on vegetation. They act «lso in 
Ibnutbing, by their slow decay, a continual supply of carbonie 

Crmic acid, and apocrenic acid, are two brown extractive 
MatCeit, analogous to the preceding, and derived from decaying 
?^eteble matter, which are found in certain mineral waters. 
Ttmf botk appear to contain nitrogen. 
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PB0DUCT8 OF THB DISTILLATION OF WOOD. 

Whea wood is heated in close vessels, it gives rise to an fan* 
mense variety of products, according to the kind of wood and to 
the presence or absence of resinous or oily matters. In all casts 
there are formed gaseous, liquid, and solid products, with a residve 
of charcoal. 

The gases are carbonic acid« carbonic oxide, olefiant gas aad 
marsh gas. The liquids are partly soluble in water, pAf^ 
insoluble. The latter constitute the tar, and are of a semi-finid 
consistence. 

The substances soluble in water are, besides water itself acelio 
acid, acetone, pyrozilic spirit (hydrate of oxide of methyle), 
acetate of oxide of methyle, lignone, xylite and mesite. 

The oily substances, insoluble in water, are very numerouHi 
including creosote, picamer, eupion, capnomor, <&c. Along widi 
these are the compounds which at the ordinary temperature are 
solid, such as paraffine, naphthaline, cedriret, pittacal, pyriMy 
chrysene, and pyroxanthine, The last mentioned, being wmrj 
volatile, chiefly accompanies the acetic or pyroligneons acid. 

1. Volatile Products, soluble in Water. 

Acetic acid. — This is one of the chief products of the distillatm 
of woods. Its mode of purification and its properties have beem 
already described. As prepared from this source, it is often called 
pyroli^neous acid. The crude or impure acid is highly antiseptie ; 
not only because vinegar, like most acids, is so, but also becauae ft 
contains much creosote dissolved. Hence it not only preserrai 
meat, but gives to it a powerful and agreeable smoked flavor. 

Pyroxylic spirit. — This name is given to the spirituous liqiiid« 
distilled from the crude pyroligneous acid before the latter is puii- 
fied. It is a mixed fluid, the chief component being hydratad 
oxide of methyle, which is accompanied by acetate of oxide of 
methyle, unless it has been rectified with quick-lime, which decom- 
poses the latter. Lignone is the name given to a volatile liqnidf 
somewhat resembling alcohol, observed in pyroxilic spirit by Qme- 
lin and Liebig. Its formula is not ascertained, since it does boC, 
as far as we know, form definite compounds, from which its equiva* 
lent might be deduced. Xylite is another similar volatile liquid, 
which, according to Schweitzer, is CiaHiiOs = 2(Ca Ha O)^- 
(Ct He, Oa) = 2 Mt -f Aca Oa; that is, a compound of 2 eo- 
oxide of methyle and 1 eq. of a sesquiacetylic acid. When acta! 
on by potash, it yields a crystalline t«alt, OitHisOi, KO, wbili 
hydnited oxide of methyle separates. An excess of potash caotis 
the formation of three products : xylitic naptha. Git HuOa; xylitie 
oil, Ci2 Hs ; and xylitic resin, Ct H« 0. When distilled with 
sulphuric acid, xylite, if moist, yields a new compound, meait^nc* 
a volatile liquid, C« H« Os. If anhydrous, it yieldst beaidi% 
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•aotlier compound, methol, a less rolatile liquid, which appears to 
h% • carbo hydrogen, C4 Hs; isomeric with acetyle, if it be not 
that radical. Mesite is another volatile ethereal liquid found in 
pjrozjlic spirit, which, according to Schweitzer, is CcHeOa; 
Homeric with acetone. He considers it as composed of oxide of 
methyle and oxide of acetyle, Cs H3 O + C4 H3 =s Mt O -f Ac 
0* The liquid called mesite, by Reichenbach would appear to be 
acetate of oxide of methyle, MtO -f Ac O3 mixed with a more 

[hlv carbonized body, apparently composed of Cas H25 Ois. 

is latter is resolved by the action of lime into 3 eq. acetic acid, 
(OitHf Os), and a volatile liquid, CuHwOe. Along with the 
above, anotner liquid appears to occur in the mesite of Reichen- 
bach, the composition of which is Cn His Oio. In addition to all 
the liquids above mentioned, as occurring in pyroxylic spirit, 
acetone is frequently found. 

The very great similarity in properties of so many substances, 
wunely, hydrated oxide of methyle, acetate of oxide of methyle, 
fignone, xylite, mesite, and acetone, is worthy of notice. Most of 
these liquids have nearly the same density and boiling point ,* they 
are all inflammable, and their solubility in water is nearly equu. 
Hence they all occur mixed, and are with great difficulty separated, 
•0 at to obtain each in a state of purity ; indeed in most of them 
we cannot be sure that this has yet been accomplished. It is 
highly probable, that, like the two tirst, all the rest will be found 
to DC compounds of methyle. Our knowledge on the subject is 
still very limited. 

The purified pyroxylic spirit, or hydrated oxide of methyle, has 
ha^i already fully described, along with its chief derivatives. 

S. Volatile Oilt Products, insoluble or sparihglt solurli 

IN Water. 

a. Creosote, (from xpf ch* flesh, and sui^a, I preserve). — This is 
one of the most important products of the distillation of wood. It 
b found, partly dissolved, in the pyroligneous acid, partly along 
with other oils, in the tar. When the crude pyroligneous acid is 
latwrated at 167° with dry sulphate of soda, an oil separates, 
which contains much creosote. In like manner, by the rectifica- 
tion of tar, an oil of tar is obtained, the heavier portions of which 
aootain a good deal of creosote. These oils are neutralized with 
carbonate of potash, and the fluid thus deprived of acid is distilled 
with water. The distilled oil is acted on by diluted phosphoric 
acid to remove ammonia, and, probably, traces of oily bases, 
again distilled, and dissolved in aqua potass®, Sp. G. 1*12, which 
dnaolves the creosote, along with portions of other oils, but sep- 
arates a good deal of eupion, &c. The alcaline solution is now 
iiipersaturated with dilute sulphuric acid, (after having been boiled 
in Iba air till it has become dark brown,) when the impure creosote 
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separates. It is again recUGed, and the treatment with potash^ 
hoiling, addition of sulphuric acid, and rectification repeated tiU 
ilie rectified oil dissolves entirely in weak potash, and this alca- 
line solution on being boiled acquires only a slight tinge of color. 
It is then finally rectified, and is pure when it continues colorless 
on being kept. The tar of peat appears to be Ycry rich in creoaote« 
and it also occurs in coal-tar. Good tar, from beech wood, is said 
to contain from 20 to 25 per cent. 

Pure creosote is a colorless transparent liquid, of a high refract- 
ive and dispersive power of a tolerably fluid but oily consistenee. 
Its Sp. G. is 1*037, according to Beichenbach, its discoverer, and 
other chemists ; but there is some discrepancy on this point. Dr. 
Christison having always found it as hign as 1*060 and upward. * 
Its boiling point is ,397°. It gradually becomes colored browa 
when kept, unless absolutely pure. Creosote has a very strong, 
peculiar, persistent smell of smoke, analogous also to that of cas- 
toreum, not fetid, but unpleasant when concentrated. Its taste is 
burning, with a sweetish after-taste. It diso]*ganizes the skin, 
causing a white spot, where the cuticle soon peels ofif, without 
inflammation. When applied to the interior of the mouth and to the 
tonfi^e it smarts strongly, whitening and disorganizing the cuticle. 

Internally it is a powerful poison, but in a small dose may be 
employed advantageously in some cases of vomiting and disease 
of the mucous membrane. It is given much diluted with water. 
Externally, it may be employed, either in the form of aqueous 
solution, of ointment, or pure, as a styptic, and is a valuble appli- 
cation to indolent ulcers, and to many chronic cutaneous affecttons. 
Pure creosote, applied to the hollow of a decayed tooth, so as to 
touch the exposed nerve, instantly relieves, in many cases, the most 
violent tootnache. It acts apparently by coagulating the secre- 
tions, and thus forming a covering for the nerve. 

Creosote dissolves in about 80 or 100 parts of water, and is 
exceedingly soluble in alcohol and in acetic acid. These solatioDS 
have the smell, taste, and antiseptic power of the creosote. 

Creosote possesses a singul ar antiseptic power. Flesh of all kind% 
if steeped for a few hours in a weak solution of creosote, becomes 
insusceptible of putrefaction ; and the same effect is produced when 
the flesh is exposed to the vapor of creosote. This is the reason why 
the smoke of wood possesses antisepic properties : smoked meat or 
fish is merely meat or fish which has absorbed the vapor of creosote 
from the smoke in which it has been suspended. The creosote ap* 
pears to act on flesh, <&c., in virtue of its remarkable power of coagu- 
lating albumen, which also accounts for its stypic action. Tonffues 
and hams may be smoked and effectually cured by immersing uea 
for 24 hours in a mixture of 1 part of pure creosote and 100 of water 
or brine ; and when thus prepared, they have the delicate smoked 
flavor observed in reindeer Umgaes, as usually cured by tmokinfi 
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Owing to tbe difficulty of obtaining creosote quite pure, its com- 
position is hardly ascertained with certainty. According to 
peville, whose researches are the most recent, it may be regarded 
as the alcohol, so to speak, of the series of benzoyle. His anal- 
yses lead to the formula Cm Ht O3 = CmHt Os,HO; but I 
cannot ascertain whether this be the formula he adopts. 

It is particularly to be noticed, that there is a very great resem- 
blance between creosote and carbolic acid (or hydrate of phenyle, 
CisHs O, H 0), a substance obtained from coal-tar, and which 
will soon be described. So great is this resemblance, that I am 
almost inclined to consider creosote as a somewhat impure carbo- 
lic acid. The taste, smell, density, (according to some), boiling 
point, solubility in water, <fec., poisonous and antiseptic action, 01 
these two bodies, are the same. Both combine with alcalies, 
forming crystallizable compounds, and, what is more important, 
iheir composition in 100 parts is almost identical. The chief dif- 
ferences seem to be, that carbolic acid may be obtained in crys- 
tals, which, however, on contact with the air instantly liquefy and 
retain the liquid form, without any appreciable change of com- 
position, apparently from the effect of a trace of moisture. Also, 
the salts of carbolic acid with bases are more easily formed and 
more permanent than those of creosote. A splinter or shavin^r of 
fir wood, dipped into carbolic acid and then into nitric or muriatio 
acid, becomes first blue and then brown ; which does not appear 
to be the case with creosote. But Laurent has recently shown, 
that creosote, when acted on by a mixture of hydrochloric acid and 
chlorate of potash, yields abundance of chloranile, a character in 
which it agrees with carbolic acid. Both substances also yield 
nitropicric acid when acted on by nitric acid, although in the case 
of creosote this acid is accompanied by others not yet examined. 
These results I have myself also obtained ; and it would appear, 
that if creosote be not carbolic acid, contaminated with some 
foreign matter, these two bodies are at least closely connected and 
belong apparently to the same series, which is either that of ben- 
soyle or that of phenyle. It is not improbable that creosote may 
be a dctinile compound of carbolic acid with some substance of 
closely allied composition, but of basic properties. 

Creosote dissolves many orij-anic substances, such as indigo, 
camphor, fats, essential oils, and resins, and undergoes numerous 
chances by the action of acids, alcalies, and other reagents, such 
as chlorine, potassium^ and others. With oil of vitriol it is colored 
purple, and appears to form a coupled acid. None of these reac- 
tions or products have been properly investigated, and we shall, 
^erefore, not confuse the reader by a description of them, more 
especially as the composition of creosote itself is doubtful. 
. b. Ficamar is the name given by Reichenbach to another oit 
discovered by him along with creosote in the heavy oil of tar* It 
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is purified by a tedious process, by the aid of potasb» with whieh 
it forms a crystalline compound. When pure, it is a colorless oO, 
of Sp. G. 1 '10, of a bummg and very bitter taste ^hence its name, 
from pix and amarus), and a slight smell. It boils at about 610^. 
It combines with alcalies, forming crystallizable salts, and may 
therefore be viewed as an acid in some sense, although it b quite 
neutral to test paper. Its composition is unknown. 

c, Capnomor (from xaitvo^ smoke, and ftotpa, part), is another 
oil, discovered by Reichenbach, in the heavy oil of tar» alone with 
creosote and picamar. When the creosote is purified by soiutioii 
of weak potash, the oil left undissolved contains a good deal of 
capnomor, which is purified by a tedious process. It is a limpid, 
colorless oil, of a high refracting power, with an aromatic odor of 
ginger, and a somewhat styptic afler-taste. Its Sp. G. is 0*9776 ; 
it is quite neutral, and boils at 365°. With sulphuric acid it fa 
colored red, and yields a coupled acid. Nitric acid converts it 
into oxalic acid, nitropicric acid, and another crystalline substanoe 
not yet examined. 

d. Eupion (from <v, fine, and mw^ oil or fat), is a fourth oily 
liquid, discovered by Reichenbach in oil of tar. Being more volv 
tile than the rest, it is purified chiefly by rectification. When pore 
it is colorless, very fluid, not greasy to the feel, but less soft than 
water, tasteless, and of a somewhat agreeable odor, like that of 
some flowers, such as narcissus. Its Sp. G. is 0*740 ; and Reich- 
enbach states that he has even obtained it so low as 0*663, being the 
lightest known liquid. It is volatile, boiling at 117^ or lower. It 
is in the highest degree indifferent, resisting the action of the 
strongest acias and alcalies. In fact, as it is prepared from the 
oil of tar by rectification and the action of potash, sulphuric, and 
nitric acids alternately on the rectified oil, it is evident that it moat 
resist these agents. There is good reason to believe that several, 
even many, different liquids have been described under this name^ 
and that most of these are not ready formed in the tar, but pro* 
ducts of the action of acids, <&c., on the oil of tar. Reichenbach, 
however, by simple rectifications of the oil obtained by distilling 
rape oil, obtained a liquid having the characters of eupion. 8o 
much is certain, that similar liquids are formed by the action of 
oil of vitriol on oil of tar. 

The whole of the liquids called eupion are carbohydrogeniy 
and their formula is either C H, or some multiple of this, or else 
one nearly approaching to such a multiple, as Cs H«, kc, II 
is very remarkable that some of them are very volatile, while 
others, apparently of the same composition, require a strong heal^ 
from 400'' to fiOO'', for example, to boil them. 

The purest varieties of eupion bum with the aid of a wiek» 
yielding a very brilliant luminous white flame, free from smokflb 
and may hereaiter be turned to account 
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8. Solid P&opucts of the Distillatiov ov Wood. 

a. Paraffine, — This name is given (from parum and affinii, 
beoaose its affinities are feeble) to a white solid volatile substance 
rery similar to wax, discovered by Keicbenbach in tar. It occurs 
in the last portions of the rectification of the tar, which are semi- 
solid. It is squeezed out, and purified by one or two crystalliza* 
tions in ether, which dissolves it when boiling, and deposits it on 
cooling in beautiful silvery scales. These, when melted, assume, 
oa cooling, the aspect of pure white wax. 

Paraffine exists in large quantity in the rangoon petroleum, and 
■ome other bituminous mineral products. It is formed in large 
quantity in the distillation of wax. It melts at 110^, and distils 
unchanged at a high temperature. Its 8p. G. is 0*870. It burns, 
in a wick, with a beautiful clear white lignt, free from smoke, fully 
equal to that of the finest wax, if not superior to it. Like eupion, 
it is highly indifferent, and it is, like eupion, a carbohydrogen, 
containmg either C H, or some multiple of it, or a near approach 
to such a multiple. According to Lewy, it is Cao Hsi. It is acted 
on by chlorine with the aid of heat, but the reaction is not yet 
studied. The strongest acids and alcalies do not act on it, even 
with the aid of heat, if we except fuming sulphuric acid. 

b, Cedrirei. — This is another compound discovered by Reichen- 
bach in oil of tar. When impure creosote is dissolved in potash, 
and acetic acid added, an oil separates, which contains the creosote 
and other oils ; but a certain quantity of oily matter remains dis- 
sdved in the acetate of potash. This is distilled^ until what 
passes over causes a red precipitate in a solution of sulphate of 
VOD. It is then collected separately, being pure cedriret. It is a 
Tolatile solid, which crystallizes in a solution of sulphate of iron, 
forminfi^ a net- work oi orange-red crystals, which dissolve in oil 
of vitriol with a blue color. Much of the color of oil of tar is 
probably owing to this substance. 

e, PittacaL — This is yet another compound obtained by Keicb- 
enbach from the heavy oil of tar. When the heaviest portions are 
nearly neutralized by potash, the addition of barytic water gives 
rise to a deep blue color. This belongs to pittacal, but the mode 
of its purification is not yet published. When pure, it is a solid, 
like indigo, of a very fine deep-blue color, exhibiting on the 
polbhed surface the aspect of gold. It admits of being fixed on 
doth, and would make a valuable dye stuff. Its composition is 
unknown, but it appears to contain nitrogen. Its name is derived 
from jtixta, pitch, and xaXKos^ beautiful. It is a compound of very 
great interest, although most probably a product of decomposition 
of the oil of tar, and not reaay formed in it. It is very desirable 
that it should be 'further investigated. 

d. PyroxarUhine, — This is a volatile crystalline solid, first 
observed by Scanlan in the crude pyroligneous spirit. When this 
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is rectified with lime, the lime becomes dark brown ; and when 
this colored mass is acted on hj hydrochloric acid, there is left 
undissolved a dark brown matter, which is a mixture of pyrozan- 
thine and a resinous matter. The mass is boiled with hot alcohol, 
which, on cooling, deposits the pyroxanthine in crjrstals, which art 
purified by recrystallization. They are of an intense yellow color^ 
fusible, and volatile in a current of air, or with the vapor of other 
substances, but partly decomposed when heated alone in a dry 
tube. Pyroxanthine dissolves in sulphuria acid with a deep blui^* 
red, and m strong hydrochloric acid with a splendid purple color, 
which soon passes to dark brown. I found its composition to be 
Tery nearly Cii Ht O4 ; but as it fonns no definite compounds, I 
could not control the analysis. 

Such are the chief products of the distillation of wood, as far 
as they are yet known. Their importance is very great, and will 
be still greater when they shall have been better studied, as moat 
of them will admit of useful applications. But no doubt can be 
entertained that the above numerous list is far from being com- 
plete, and that more compounds remain to be discovered in tar. 
Indeed, there is even now good reason to believe that several or 
most of the substances characterizing coal-tar occur also, althougk 
in smaller quantity, in wood-tar. Such substances are naphtha- 
line, anthracene, and others. It is to be borne in mind that the 
composition of wood-tar varies, according to the kind of wood, 
the presence or absence of oily or resinous substances, the com- 
parative abundance of nitrogenized matter, and finally the tem- 
perature at which the distillation is carried on. 

Wood coal, brown coal, or lignite, yields, when distilled, an oU 
of the consistence of butter, in which creosote, paraffine, and 
probably eupion, are found, along with other products not yei 
examined. 

« 

PRODUCTS OF THE DISTILLATION OV COAL. 

Coal differs from wood in several points, although it is unques- 
tionably derived from the decay, under pressure, of woody fibre 
and the other substances which make up the mass of the early 
vegeUition of which our coal beds are the remains. Coal contains 
much less water, and a much larger per centage both of carbon 
and nitrogen, than wood. Hence it is decomposed at a higher 
temperature, and yields much ammonia, cyanogen, and other nitro- 
genized products. We shall not here dwell on ammonia and cyan- 
ogen, farther than to mention than out of the aqueous products of 
the coal gas-works large quantities of ammonia are obtained ; and 
that so much hydrocyanic acid is also present, that a patent was 
taken out some years since for the preparation of Prussian blue 
from the gas liquor. We proceed to describe the chief ingredi- 
ents of c^-tar. 
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m. Carbolie Acid. Byv. BydraUd Oxide of PhenyU, Cu Hi 0, 
H O. < — This remarkable acid is found in that portion of the oil of 
tod-tar which boils between 300'' and 400°. This is agitated 
with twice its volume of potash lye, and the aqueous solution, on 
the addition of an acid, yields hydrated carbolic acid (impure) as 
• heavy oil. It is purified by rectification with a very httle solid 
potash. 

When pure, carbolic acid generally appears as an oily liquid, 
.aolorless, and of a high refracting power, neutral to test paper, of 
8p. G. 1062 to 1*065. It has a burning taste, and the odor of 
oieosote, to which it has a very fi^reat resemblance. In certain 
drcamstances it forms long needle-shaped crystals, which very 
veadily lose the solid form by exposure to the atmosphere, and 
ithich also liquefy in sealed tubes, without anv obvious cause. 
The crystols melt at 94"*, and boil at SeS"". The extraordinary 
Itesemblance between carbolic acid and creosote has been noticed 
above ; and there can be little doubt that, if not essentially the 
tame, they are closely connected and belong to the same series, or 
contain the same radical. 

A splinter of pine wood, if dipped, first in carbolic acid, and 
then m moderately strong nitric acid, becomes of a deep blue, 
which soon passes mto brown. 

According to Laurent, carbolic acid is the hydrated oxide of 
phenyle, Cn H> , and its formula is ( Cia H< ) 0, U O. This radical, 
phenyle, gives rise to a series of derived compounds which may be 
Ttpresented as foUows : 

Hydrate of phenyle or carbolic acid, . Cia Hb i O -)- H O 
Solphocarboiic acid (sulphophenic acid), C» Us O, H O -(- 3 S Os 

Chlorophenesic acid, ^^ jcfal ^'^^ 

Chlorophenesic acid, identical with the )p i^a^nun 

chloridoptenic acid of Erdmann, \ ^" \CUS ^'"^ 

Chlorophenusic acid, chlorinized chlo- i ^ ^^''( OHO 

rindoptenic acid of Erdmann,. . \ (CI*) ' 

Bromophenisic acid, ^^ /Br \ ^'^^ 

Nitrophenesic acid, ^'' i2N0 [ ^*^^ 

Nitrophenetic acid, identical with ni- ) a, , 5 H* f r^ u r^ 

tropicricacid, J ^'M3 N O4I "'**" 

Pbenylamide (aniline), CuHs Ad. 

Thus the carbolic acid is connected with the derivatives of indicfo, 
©f salicyle, and other bodies, which yield nitropicric acid. This 
tonnection is also shown in the formation of chloranile, from car- 
bolic acid, by the action of chlorate of potash and hydrochloric 
•dd. (See under Indigo, the formation of chloranile from aniline). 
It it also shown bv the fact, that salicylic acid, CuHa G«, when 
" ''" * akme, with lime, or with pounded glass, it retolrtd into 
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carbonic acid, 2 C Oa, and carbolic acid, CisHt O9. The aotion 
of carbolic acid, on organic compounds, is the same as that of 
creosote. Thus k dissolves indigo, d^c, and coagulates albumen, 
preventing the putrefaction of animal substances. 

With bases it forms salts, some of which crystallize, but which 
retain an alcaline reaction. With oil of vitriol, it yields a coupled 
acid, sulphocarbolic, or sulphophenic acid, which forms a soluble 
salt with baryta. 

The formulae in the above table illustrate the formation, by sub- 
stitution, of the chlorophenesic, chlorophenisic, and chlorophenusie, 
of the nitrophenesic and nitrophenisic acids. It is not necessary 
here to do more than point out their relation to carbolic acid and 
phenyle. The chlorobenzide of Mitscherlieh, CisHe Cle, is, ac- 
cording to Laurent, hydrochlorate of chlorophenise, 3 H CI -t- Ob 

( H 

•j Q^ This last body, chlorophenise, which is obtained by the 

action of potash on chlorobenzide, would appear to be derived by 
substitution, not from phenyle CttHs, but from benzole CizHe; 

although it may be derived also from oxide of phenyle CJn ] q*. 

as may benzole itself. Chlorophenise cannot be obtained directly 
from hydrate of phenyle, or its derivatives ; but, on the other 
hand, the series of benzole has an obvious relation to that of phe- 
nyle. In fact, Laurent considers benzole as in some measure the 
fundamental compound, or nucleus, and calls it phene rx CitH«. 

It has already been stated that nitrophenisic acid is identical 
with nitropicric acid. Nitrophenesic acid is somewhat similar, and 
forms salts which crystallize with facility, and detonate when 
heated. The nitrophcnesate of baryta is a beautiful aalt^ like 
bichromate of potasn. 

h. Volatile Bases of Coal-Tar. 

Besides carbolic acid, Runge found in coal-tar two other acids, 
rosolic and brunolic acids (of which little is known), and three 
basic volatile oils, kyanol, leukol, and pyrrol. The last has been 
little examined ; but the recent researches of Hoffman have con- 
firmed Range's statements as to the two first, which have also been 
identified with bases produced from different quarters, namelTt 
aniline and quinoline or leucoline. These bases have already 
been fully described under the head of volatile artificial alcaloida. 

That there is a relation between aniline and carbolic acid 
appears from their formulae ; for aniline is the amidide of carbolic 
acid, or phenamide, being thus deduced from carbolate of ammo- 
nia : C>t H)> 0, N Ha =: H 4- C12 H», N Os. The relation may 
be better exhibited thus : 

Carbolic acid (anhjrdrous), or oxide of phenyle ss Cn Hi O 
Aniline, amaphenase, or phenylamide, =3 Cii Hi Ad. 
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At another experimental proof of this relation, it may be men- 
tioned that salic^lamide, Cu Us O4, N Hf =s Cu H7 N O4, which 
haa the same composition as protonitrobenzoene and anthranilic 
aeid, both of which yield anilme, when heated with lime, gives 
not aniline but carbolic acid» ammonia, and probably a carbohy- 
diogen. 

It will be remembered that picoline is isomeric with aniline. 
Adopting Laurent's nomenclature, as explained tinder naphthaline 
both these compounds would be called amaphenase ; and the rela- 
tion betweea them would be the same as between any two of the 
•even forms of chlonaphtese ; that is, in aniline the particular mole- 
evle of hydrogen, replaced by amide, is different from the molecule 
replaced in picoline. Aniline, therefore, would be amaphenase a, 
and picoline ami^henase b. For the explanation of the views 
entertained on this and similar subjects, see Chlonaphtate, 

Of pyrrol, and of rosolic and brunolic acids, so little is known 
HkMi we need not dwell on them. 

c. Volatile Carbohydrogens in Coal-Tar. 

c. Naphthaline, C10H4, or CanHt. — This remarkable com- 
pound occurs in all kinds of tar, but most abundantly in coal-tar, 
as being formed at a very high temperature. It is formed in 
additional quantity when any of the elements of oil of tar, such as 
ereoeote, carbolic acid, (Sec, or even alcohol and elher, are passed 
through tubes heated to a strong red-heat. It is easily obtained 
by redistilling coal-tar, when the latter portions are so full of 
naphthaline as to be semi-solid. It is well squeezed out, and 
piiri6ed by sublimation and crystallization in hot alcohol. Or the 
oB of coal-tar, is saturated with chlorine gas, which, by destroying 
aome of the oils, allows the naphthaline to crystallize. 

Pure naphthaline is colorless and volatile, and forms large 
tabular transparent crystals of a very peculiar smell, and an acnd 
aromatic taste. It boils at 414°, but distils easily with the vapors 
of water, and is dissipated, like camphor, if left exposed at the 
ordinary temperature. 

It is acted on by chlorine and bromine, which combine with it 
in the first instance, and also give rise to a large number of com- 
pounds formed by substituUon ; and by sulphuric and nitric acids, 
each of which produces a number of new compounds with it. 
TiMse changes have been studied with singular perseverance and 
remarkable sac^acity, by Laurent, more especimly the action of 
ehkmne, bromme and nitric acid. His researches have been 
attended with unusual success, and he may be said to have origin- 
ated and established, by these researches, the new received doctrine 
of substitutions. I cannot hope to c^ive even an accurate outline of 
all that Laurent has done in this department, because I have no- 
iHiere seen a complete account of these carious results as they now 
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•tend ; but until the author himself shall publish a complete ticoaiuit 
of his researches on naphthaline, I shall place before the reader 
such a general account of them as may show the great importance 
of the subject, and some of the interesting facts abready ascertained. 

1. AcTioir OF Chlorihe ahd Bromihe on Nafhthauits. 

[It is necessary here to explain the principle of nomcnclatorey 
provisionally adopted by Laurent, especially for cases like this of 
substitutions, where the ordinary nomenclature is entirely inappli- 
cable. The nomenclature of Laurent may be thought, by some, 
uncouth ; but it is simple, systematic, and consistent with itselH 
Beginning with naphthaline, he gives to the compounds formed hj 
the successive substitution of chlorine for hydro«^en, names begin- 
ing with chlo, and ending with a syllable in which the vowels a, e, 
1, o, and u, are employed to designate the replacement of 1, 2, S, 
4 and 5 eq. of hydrogen. Thus, if in napthaline, Cjo Hs, 1 eq. of 

hydrogen is replaced by chlorine, we have the compound Cso \ ^ 
This is called chlonaptoM. The compound C» \ ^^ is chlonaph- 
leie; Ca \ n] is chlonaph/we, <&c. The corresponding com- 
pounds of bromine are bronaphto««, bronaphftfse» and bronaphfttf. 
When we get as far as chlonaph/tu^, ^ 1 Cl^ ^ there are no more 
vowels, we begin with a, adding a syllable to the word. Thus, 
^^ is chhuAphtalase, C20 < ^j is chlonaphialese, and CSb 

Ult IS Monsi^YitalUe, and so on with bromine. When hydrogen 
is replaced, partly by chlorine, partly by bromine, then the naoM 
is so constructed that the final syllable indicates the sum of the 
equivalents of chlorine and bromine, while both chlorine and 

bromine are prefixed. Thus, chlonaphtose ^ ^ 7 r*i^ . "^^ ^ 

f H4 ( ^' * 

compound Cm v CI 3 is chloribronaph/o««; Ciso < CI is chlorabro- 

( Br . ( Br, 

naph/o«f. The former of these two may also be bromachlonaph- 
toM, and the latter, bromtchlonaph/o^e. We shall see hereafter 
that it may be necessary to use both forms to distinguish differenl 
compounds which are isomeric. Again, where hydrogen B 
replaced by NO4, we have, (NO 4 being represented by X), 

C» •) y^ nitronaphtase, and so forth. In like manner, if H were 

replaced by Ad (Ad == N Ha), we should have C20 | ^^=C»H» 

N. This would be called amanaphtase ; ,and such a compound 
has been already described under the name of naphthalidine. Il 
is evident that this nomenclature, although it gives riae to words 
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•f.m singular aspect, is yet easily understood, and may even, in 
maBT cases, serve as well as a formula to remind us of the com- 
poritKNk Laurent has applied it to many other series, as we have 
warn in the series of phenyle, where we have chlorophenesic, chlo- 
nqphenisic, and chlorophenusic acids, d^c] 

When chlorine is brought in contact with naphthaline, the latter 
rndtt, and there are formed at once two compounds of chlorine 
and naphthaline ; the chloride of naphthaline, CnHt -j-CIU ; and 
Ike mbchloride of naphthaline C^Hs + Cla. At the same time 
hydrochloric acid is disengaged, arising from the action of chlorine 
on one of these chlorides. The former is a solid, which is best 
pnrified by solution in hot oil of petroleum, which deposits it on 
eooBng in crystals. It may also be puriBed by means of boiling 
•Uier, which dissolves it to a certain extent and deposits it on 
cooling. Chloride of N is decomposed by heat, yielding no less 
than four different isomeric forms of chlonaphtese. An alcoholic 
•olntion of potash converts it into two more forms of chlonaphtese. 
It it also acted on by chlorine, bromine, nitric acid, and 
•alphide of ammonium, yielding many new compounds. 

oabebloride of N is an oily liquid, which by the action of heat 
fepnrtially changed into hydrochloric acid, and one form of chlo- 
naphtftse. An alcoholic solution of potash also converts it into 
ahionaphtase and chloride of potassium. Chlorine converts it into 
tnvo chlorides of chlonaphtase, isomeric but distinct ; if the heat is 
too strong there is formed one kind of chlonaphtise. 

When bromine is made to act on naphthaline, no bromide of N 
is farmed, but hydrobromic acid is separated and bronaphtase is 
produced. 

Chlonaphtase, 0»(H7 CI), is obtained by acting on subchloride 
of N by alcoholic solution of potash. On the addition of water, an 
oHt liquid separates, which is purified by rectification, and is then 
ehfonaphtase. No isomeric modification of it is yet known, but the 
tailtence of such is extremely probable. Bromine acts on it, con- 
fWftiag it into bromide of chiorabronaphtese, Br4 -|- ^>> Ho CI Br. 

Bronaphtase, C» (H? Br), is formed by the direct action of 
bromine on naphthaline, care being taken to avoid excess of 
brotntne, which would form bronaphtese, and excess of naphtha- 
lfaie» which would remain unchanged. Bronaphtase is a colorless 
oily decomposed by chlorine and bromine, the latter converting it 
hto bronaphtese and the products of the further action of brorome 
on bronapntese. As yet only one form of bronaphtase is known. 

Chlonaphtese, C»(He Cla), occurs in no less than seven dif- 
ferent isomeric forms. These are distinguished by Laurent as 
modifications a, e, ad, e, /, x, and y, but I am not aware of the 
principle on which these letters are selected, a, c,/, and r, are 
ohtamed by the action of heat on the chloride of N ; ocf and e by 
boiling chloride of N with tincture of potash ; and y by the action 

20 
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of chlorine on nitronaphtese. a and x are liquid, all the rest 
crystallize easily. The solid forms have each a different point of 
fusion, and the whole seven give different results when acted on 
hy chlorine and bromine. Since, therefore, the composition of 
all seven is the same, we are compelled to adopt the concluston 
that it is not the same 2 eq. of hydrogen which are replaced by 
chlorine, and that it is not indifferent which equivalents of hydro- 
gen are thus replaced, but that, on the contrary, the properties of 
these compounds depend on the particular equivalents or moleea« 
les of hydrogen replaced by chlorine, and that consequently the 
arrangement, or relative as well as absolute position of theaa 
molecules in the compound molecule, is a matter of (ax greatee 
importance (at least, in this and other analogous cases), in refer- 
ence to chemical characters, than the properties of the ekmenta^ 
or their place in the electrochemical arrangement. 

Referring to what I have said on the subject of types, at pp. 
260-265, I would here point out that naphthaline is a type, IM 
molecule of which is made up of 20 equivalents (not single atoms, 
but molecules) of carbon, and 8 equivalent molecules of hydrogen ; 
and that chlonaphtese is a subtype, in which the 20 molecules of 
carbon are associated, as in the fundamental type, with 8 other 
molecules, not all, as before, of hydrogen, but 6 of hydrogen and 
2 of chlorine, a body usually considered as entirely opposed to 
hydrogen, chlorine being strongly negative, and hydrogen strongly 
positive. Yet the type remains unchanged, and we cannot help 
seeing that the 2 molecules of chlorine, in mriue <^ their pofilian in 
reference to the 20 of carbon, are playing the part of 2 molecules of 
hydrogen. 

Farther, if we conceive the 8 molecules of hydrogen in the fiin« 
damental type to occupy each a fixed position, in relation to the 
20 of carbon, we see from the wonderful phenomena just indicated* 
namely, from the existence of seven distinct forms of chlonaphtese, 
that, in each of these, a different pair of molecules of hydrogen 
has been replaced by chlorine. If the 8 molecules of hydrogen 
be supposed to be numbered, according to the fixed position of 
each in the compound molecule of the type, then we can see that 
in chlonaphtese a, the molecules 1 and 2 may be those replaced, 
while in c the molecules 6 and 7 may be those replaced by chlo- 
rine, and so on. It is easy to calculate that in this way at least 28 
different isomeric forms of chlonaphtese may exist, and of these 
seven are already known. 

Our space will not admit of details on the different forma of 
chlonaphtese, but I have thought it indispensable to explain the 
view now taken of these singular compounds, in a genera] way. 
It is evident that we may expect much light to be thrown on the 
obscure subject of the molecular arrangement of compounds by 
continued researches in the same direction. The recent progress 



BioirAPffrofiB. 807 

id ihoee departments of pbysics which are moet closely allied to 
chemistry, has established the existence of certain relations between 
Um atomic weight and constitution of compounds and their phys- 
ical properties, such as volume or density, volatility, state in regard 
to cohesion, solidity, fluidity, <&c., and crystalline form. We now 
aee a prospect of tracing the connection between the molecular 
arrangement of compound bodies and their chemical properties ; 
and we may even hope hereafter to be enabled, simply by accu- 
rate observation of the external properties of a body, physical and 
chemical, to ascertain its composition and constitution ; and also 
to predict with accuracy the properties of compounds yet unformed, 
the formation of which will probably become a problem, solvable 
by a few rules of universal application. 

for the present, we have only the distant prospect of these 
results ; but we have only assiduously to pursue the study of 
nature on true inductive principles, in order to be hereafter enabled 
to bring into order the chaos, so to speak, of interesting and im- 
portant observations, the number of which is hourly increasing, 
while a large proportion of them have not yet found a use or an 
application. We must now return to the derivations of naphtha- 
line, which we have only space briefly to name. 

Bronaphtcse, Cio^H«Brs), is easily formed by the action of 
bromine on naphthaline or on bronaphtase. It is a crystal! izable 
aolidy and probably corresponds to chlonaphtese c. Only one 
bronaphtese is yet known. It forms several compounds with 
bromine. 

Chlonaphtise, C2o(Hs CIs), occurs in six different forms (out of 
B6 which are possible), a, ac, c, g^ d, and ad, all of which are crys- 
tallixable solids. They are obtained in different ways : a by boil- 

a with tincture of potash the oily modification of chloride of 
onaphtase ; ac by the action of chlorine on chlonaphtese od, 
melted ; and g along with some of a, by boiling with tincture of 
potash the crystallized chloride of chlonaphtase ; d by distilling 
the crystallized chloride of chlonaphtase ; and ad by boiling with 
tincture of potash the double chloride of naphthaline and of chlo- 
naphtase ; a is converted by chlorine into chlonaphtose a ; and 
bromine converts it into chloribronaphtosc a. 

Bronaphtise, C2o(U5 CIs), is obtained by heating the bromide 
of bronaphtise, when bromine is given off. It is crystallizable. 
Only one form is yet known. 

Chlonaphtose, C9o(H4 Ch), occurs in four isomeric forms, a, 5, 
^ and k, out of a very large number which are possible. They 
are all crystallizable. It is unnecessary to mention the methods 
funployed to obtain them, which are analogous to those already 
described for chlonaphtise or chlonaphtese. 

Bronaphtose, C2)(H«Br4), appears to exists in two forms, a 
and h^ both crystallizable. 
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Chlonaphtuse, Gao (Ha Cli ), and bronaphtase, CW (Ha Bn ), an 

not yet known. 

Chlonaphtalase, Cao(HsC]8), is obtained by the action of 
chlorine on chlonaphtise a. It forms soft flexible prisms. 

Chlonaphtalese, CsoifH CW), is not yet known. 

Chlonaphtalise, CnClt, the compound in which all the hydro- 
gen of naphthaline is replaced by chlorine, is obtained by con- 
tinning the action of chlorine on chlonaphtise a. It is also crys- 
tallizable. Laurent, apparently from its crystalline form, considers 
it to correspond with the modifications c of chlonaphtese and chlo- 
naphtise ; and for the same reason he considers the only chlo- 
naphtalase known, as chlonaphtalase a. In the case of chlonaph- 
talise, if different modifications can occur, they must depend an a 
different principle from that which regulates the modifications of 
those compounds in which both chlorine and hydrogen are con- 
cerned. 

But until Laurent shall publish a complete account of his 
views, it is not easy to ascertain exactly what those riews are. 
I suspect some error in the only account of these researches to 
which I could refer. 

Besides the above, there are a number of compounds derired 
from naphthaline, in which the hydrogen is replaced by bromine 
and chlorine at once. 

Chlorebronaphtise a, C20 (Hs Cls Br), is a crystalline solid rerj 
similar to chlonaphtise a. 

Chlorebronaphtose 6, C20 (H4 CIs Brs ), is obtained by the action 
of bromine on chlonaphtese/. 

Chloribronaphtose a, bromachlonaphtose a, and bromachlo* 
naphtose b, are three isomeric compounds. The first is obtained 
by the action of bromine on chlonaphtise a, and the bromine is, 
therefore, placed second in the name. The two others are both 
formed when chlorine acts on bronaphtese. These are the com- 
pounds alluded to at p. 265. They furnish a very beautiful prooi 
of the truth that the position of the replaced or replacing molecule 
is all-important. They are all crystaflizable. 

Bromechlonaphtose b, C2o(H3 ClsBra), is a crystalline sofid 
obtained by boiling chloride of bromechlonaphtise with tincture of 
potash. 

Chloribronaphtuse, On (HsCUBra ), is a crystalline solid, formed 
by the action of bromine on chloride of naphthaline. 

There remain to be described some compounds, analogous to 
the chlorides of naphthaline, and containing consequently cnlorine 
or bromine, in addition to the type or subtype. 

Chloride of chlonaphtase, CU + Cjo (H7 CI), is obt^ned by 
the action of chlorine on the subchloride of napthaline. It is the 
most remarkable of the whole scries from the great size and 
beauty of its crystals. It occurs in an isomeric form as an oily 
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UMud. Wben distilled, these compounds yield different forms of 
duonaphtise mixed together. 

Ohloride of chlonaphtese, CU + 0»(H« Cls), occurs in three 
itooieric forms, a and x are oily liquids, derived respectively 
from chlonaphtese a and x by the action of chlorine, c is derived 
from chlonaphtese c in the same way, and is crystalline. They 
all yield chlonaphtose when heated, but ia different forms. 

Bromide of chlonaphtese, Br 4 + C2o(H« CU), is obtained by 
the action of bromine on chl6naphtese c. It is crystalline. An 
esccess of bromine produces at least five different compounds. 
, Bromide of chlorabronaphtese, Br4 + C» (Hs Br CI), is formed 
when bromine acts on chlonaphtase. It is crystalline. 

Bromide of bronaphtese, Br4 -f- Cm (Ho Bra), is formed by the 
tetion of bromine on bronaphtese. it is crystalline, and when 
distilled yields hydrobromic acid and bronaphtose. 
- Sabbromide of bronaphtise, Bra + C20 (Hs Bra ), is formed along 
with the preceding. It is also crystalline. 

Bromide of bronaphtise, Br 4 + Cio(H5 Bra), is also a highly 
eryBtalline solid. 

. Sttbchloride of bronaphtase, Cla + Cso (Ht Br), formed by the 
action of chlorine on bronaphtase, crystallizes in regular rhomboidal 
plales. 

Chloride of bronaphtese, Cla + C20 (Hs Bra), crystallizes in 
long prisms. Perchloride of bronaphtise, CU + Cio(H« Bra)* 
erystallizes in right prisms with rhombic base. 

Chloride of bromechlonaphtise, CI 4 + Cao (Hs Bra CI), crys- 
tillises in oblique rhombic prisms. When boiled with tincture of 
potash it yields bromechlonaphtuse, Cm (Ha Bra Cla). 

All the preceding compounds have been discovered, studied, 
analyzed, and described by Laurent, besides a large additional 
BAimber of derivatives of naphthaline, under the agency of chlo- 
rine and bromine, which he has not so fully examined. Those 
ifiire named are sufficient to illustrate the endless variety of com- 
poiinds attainable. Every subtype of the original type of naphtha- 
line .admits of numerous permutations, and where both chlorine 
and bromine are present, the number of possible permutations is 
•normottsly increased. In short, tnese remarkable researches 
have only made us acquainted with a very small selection of 
the possible products of the action of chlorine and bromine on 
naphthaline, the type remaining unchanged. 

Thus the subtype chlonaphtose, Cm(H4 Ch), admits of 65 
|K>meric modifications, all different, as does of course bronaphtose 
also. But these subtypes may yield the modified subtypes, chlo- 
rabronaphtose, chlorebronaphtose, chloribronaphtose, bromachlo- 

aihtosc, bromechlonaphtose, and bromichlonaphtose, and others, 
[cult to name, depending on the relative proportions and 
foMouB, in the moleoaie of the subtype, of the 4 eq. chlorine and 



810 HTFOSULPHOlTAPBTiO ACm. 

bromine. It is easy to imagine 14 such modified subtypes, and 
there appears no reason why each of them, with the two subtypeSi 
should not admit of at least 65 isomeric forms. This would are 
1040 isomeric forms, all included under the two subtypes Mo» 
naphtose and bronaphtose, or under one subtype which may be 
called naphtose, Cw(H4 X4). X is here put for chkmne or 
bromine. 

a. Action of Sulphuric Acid on Nafhthaune. 

When naphthaline is dissolved in warm oil of vitriol to saturation, 
the solution, if left exposed to the air, becomes a 8emi*solid maai 
of a dirty purplish color. This, dried on a porous brick, leaves a 
quantity of scales, very soluble in water and alcohol, which are a 
mixture of two acids. 

a. Hypo8tdph(mapktJudic Acid, Gao Hi, 8s O5 + HO ? — The 
above mixture, being dissolved in water, is saturated with carbo- 
nate of lead, which forms insoluble sulphate of lead, and two 
soluble salts, one of which is soluble in alcohol and contains thb 
acid, and yields it when decomposed by sulphuretted' hydrogen. 
The acid forms a hard crystalline fusible mass of an acid and bit- 
ter taste. Its salts are soluble and cry stall isable. Their formula 
is CioHicSs Os.MO. 

b, Hypostdphonaphtic Acid, Cn Hs Ss 0«= Cn H4 Ss Os, H O t 
The leaa salt insoluble in alcohol contains this acid, the salts of 
which are soluble, bitter, and hardly crystallizable. It is possible 
that a third acid accompanies these two : for Faraday obtained a 
third salt of baryta, and Berzelius found a third salt of lead in the 
mother liquid of the other two. Faraday's salt, which remains 
with the sulphate of baryta formed in the process by the free soV* 
phuric acid, and may be extracted by boiling water, yields about 
42 per cent, of sulphate of baryta when calcined. 

The vapors of anhydrous sulphuric acid, passed over fused 
naphthaline, form with it a red liquid. If the acid be in excess, 
there is formed a new acid, the hyposulphoglutinic acid, besidea 
small quantities of the preceding acids ; if there be excess of 
naphthaline there are formed two neutral bodies, sulphonaphtbaline 
and sulphonaphthalide. 

Hyposulphoglutinic acid, when pure and dry, is a hard glassy 
mass. When precipitated from its salts by stronger acids, it forms 
a viscid hydrate like turpentine. Its salts are generally soluble 
and do not crystallize. Its composition is unknown. 

Sulphonaphtbaline, CsoHt S Oa ? is a crystalline fusible solid. 

Sulphonaphthalide, Cm Hio S Os ? is a crystalline powder not 
ftisible at 212**. 

8. Action of Nitric Acid on Nafhthaune, and its DEBiVAXivxa. 

Nitric acid acts on naphthaline, and gives nse to a whole seriea 
of compounds in which N O4 is substituted for hydrogen. The 
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Mine principles apply bere as in the action of chlorine and bro- 
mine on naphthaline. It is to Laurent that we arc indebted for our 
knowledge of these compounds, which pur space will only allow us 
to name. 

Kitronaphtase, C20H7X, (X is here put for NO4), is best 
fbrmed by causing nitrous acid to pass through melted naphthaline. 
It is purified by means of alcohol, and forms long prisms of a 
sulphur-yellow color, fusible at 110°. Chlorine decomposes it, 
moducing chlonaphtose. Nitric acid converts it into nitronaphtese. 
oy the action of sulphuretted hydrogen and ammonia it yields, as 
has been already explained, a base, naphtalidine or amanaphtase, 
CWAdH7 =020 Ho N. 

Naphtalase, Oio(H7 O), is a yellow crystalline solid formed by 
gently heating nitronaphtase with 10 parts of lime slightly mois- 
tened. It communicates to oil of vitriol a magnificent blue color. 
It is insoluble in alcohol as well as in water, otherwise it would 
recall pyroxanthine, which is yellow and volatile and colors sul- 
phuric acid purple. 

Nitronaphtese, C«o(H6 Xa), forms a crystalline powder fusible 
at 365°, insoluble in water, very sparingly soluble in alcohol. It 
it converted, by the action of sulphuretted hydrogen and ammonia 
iftto the new artificial base, seminaphtalidine, = Oio Hs N. 

Nitronaphteise, C2o(H5iXs^)? is a crystalline compound 
fonned when naphthaline is added in small quantities to a large 
mass of hot nitric acid. Nitronaphtese is proiduced along with it. 
It is pale yellow and very fusible, becoming liquid even in boil- 
ing alcohol. This great fusibility prevents us, notwithstanding its 
alrange formula, from considering it as a mixture of nitronaphtese 
and nitronaphtise, the former of which melts at 365°, tlfe latter at 
410°, and which are very insoluble in ether, in which liquid nitro- 
iwphteise readily dissolves. 

Nitronaphtise, C20 (Hs Xs), is formed along with the preceding, 
and crystallizes in rhomboidal plates of a pale yellow color, fusible 
at 410°. 

Nitronaphtale, C10H5 N3 On, is a crystalline substance, formed 

a the long-continued action of nitric acid on the mother liquor of 
the preceding. It melts at 420°, and sometimes solidities in 
an amorphous state ; a slight heat, or touching the melted sub- 
Mance with a point, causes it to crystallize. 

Nitronaphtesic acid, Oi6H4|Ni| O4? O32H9 No Oi?— This acid 
ia formed when nitronaphtalese is boiled with tincture of potash, 
and is separated from the potash by nitric acid. When dry it is 
brownish-black, and forms brown salts, which are soluble and 
uncrystallizable. Nitronaphtaleisic acid, C12H4O6N1}, or Om 
Rt OtiNs, is a similar acid, formed from nitronaphtaleise. Nitro- 
naphtisic acid, is another brown acid, formed in the same way 
from nitronaphtalise. 
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Oxide of cb1orox§naphto8e» Os + Gn(H4 Clt Ot), is formed 
when nitric acid acts on crystallized chlonde of chlonaphtose. It 
appears as a yellow crysti^line solid. It is accompanied by chlo- 
ranaphtisic acid, into which it is also converted by boiling with 
tincture of potash. 

Chloranaphtisic acid, CtoHsClOs, is formed from the preced- 
ing compound, as follows : C20 H4 CI, O4 + H + 2 K O = K Q 
4-(CaoHs ClOs + KO). It is separated from the potash by 
adding an acid, and forms yellow crystals, fusible at 392^. Its 
salts are for the most part insoluble, and exhibit the most beauti- 
ful colors, including yellow, orange, red, and carmine. 

Oxide of chloroxenaphtalise, Os -j- Oao CU Os, is obtained along 
with cblophtalisic acid and other compounds, when nitric acid is 
boiled with chlonaphtalase, C»Hs Cls. It forms golden scales. 

Chlorox^naphtalesic acid, Cx>HCU Os, is formed when the pre* 
ceding compound is acted on by potash, which at once changes it 
into a fine carmine-red substance, from which acids separate the 
new acid as a yellow crystalline powder. It forms beautiful red 
salts with potash and ammonia. It is formed as follows : C» d* 
04+HO + 2KO=:(CaaHCls06+KO)-f KCl. 

Phtalic or naphtalic acid, OifH4 Of, 2H0 = CifHo Ot, is 
formed by the action of nitric acid on chloride of naphthaline. It 
forms rounded groups of lamellar crystals, and yields crystalliz- 
able salts. When distilled with lime it yields benzole (ph6ne)» 
and carbonic acid, Cif Hs Ot = 4 Os 4* Cis Hf. When the hy* 
drated acid is distilled, it yields the anhydrous acid in fine elastic 
needles. 

The acid phtalate of ammonia, Cic H4 Os, N H4 0, H O, when 
heated, yields water, 4 H 0, and phtalimide, CitH» N O4. 

Phtalamide, CisHs NOs, is obtained by acting on anhydrous 
phtalic acid by ammonia. It appears that phtalimide is acid 

Shtalate of ammonia, minus 4 eq. water, while phtalamide is anhy- 
rous phtalate of ammonia, Ci« H4 0« + N Hs, minus 1 eq. water. 
Both are crystalline solids, and both appear to form definite com* 
pounds with oxide of silver. 

Nitrophtalic acid, Cis Hs N Oio. 2 H 0, is derived from phtalie 
acid by tlie substitution of 1 eq. N O4 for 1 eq. hydrogen : C»H4 
Os — H + N O4 = Cif H3 N Ow. It forms beautiful pale yellow 
crystals ; and when gently heated, it yields the anhydrous acid in 
fine white needles. 

Chlophtalisic acid, CmH CU Os, is formed along with the oxide 
of chloroxenaphtose when chlonaphtalase is boiled with nitric acid. 
It is crystallizablc, and represents anhydrous phtalic acid, in which 
3 eq. hydrogen have been replaced by 3 eq chlorine. 

To judge from the action of chlonne unaided by heat, and of 
nitric acid, on naphthaline, that body, C»Ht, is composed of two 
carbohydrogens, CitH4 and C4 II 4, the latter of which is more 
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mA\j altered. The forme r» plus 6 eq. oxygen, fields phtalie acid, 
CnH4 + 0« ; aqd the substitution in phtalic acid of N O4 (=: X), 

lor H yields nitrophtalic acid, Cw ) v 4- O 

fi, Anihucene, CaoHis. — This compound, which is polymeric 
with naphthaline, is also found in coal-tar, and is sometimes called 

einuiaphthaline. It melts at 356^, and distils at 392^, yielding 
Ijated plates. When acted on by nitric acid, it gives rise to a 
•aries of compounds, in which oxygen is substituted for hydrogen, 
while the compounds thus formed combine with hyponitrous acid. 
Thus we have. 

Anthracene OwHis 

fiyponi trite of anthracenase . . . CsoHnO + NOs 

. Bi-fayponitrite of antbracenese . . CaoHio Oi -}- 2 N O9 

T9r4iyponitrite of antbracenise . . CsoHtOa-f-SNOs-f'^HO 

Hyponitrite of anthracenose . . . CaoHt O4 -(- NOs 

* Hyponitrite of anthracenuse . . . CaoH? 0< -f" N O9 4- H O 

Anthracenuse CaoHf 0< 

Chloranthracenese CaeHicClt 

The second compound of the above list is not known ; but its ex- 
ktenee is probable. In all the works to which I have access, there 
apfiear to be errors, probably of the press, in the table, which I have 
yeotared to correct, so as lo bring the formulae into correspondence 
with the systematic names devised by Laurent, who discovered all 
ttMe substances, on the same principle as in the case of naphtha- 
Uns.. 

y. Chrysene, Cs H, or C12H4, is found among the last portions 
ot the recti6cation of coal-tar. It is a yellow crystalline solid, 
ittsaiable in most liquids. It melts at 456°. 

.1, Fyrene, CioHa, or CisHs, is found accompanying the pre* 
otdiiig. It is a good deal more fusible. When acted on by nitric 
acid both of the above compounds yield moditi cations, called, by 
Liarent, the hyponitrites of chrysenase and of pyrenase, C12 H3 
Hh N O3 , anci Cis Hs + N O3 . The former, by the continued 
•etion of nitric acid, is converted into CmHs Oa + 2N O3, which 
lAurent calls nitrite of chrysenese (properly, of chrysenaesc ?) 

When bituminous shale is distilled, it yields a thick empyreu- 
Bifttic oil, composed of several products. Among these is an oil 
apparently identical with eupion, and another very peculiar oil, 
eailied ampeline. This oil has neither taste nor smell, but is in 
aoplf points more analogous to creosote than to any other sub- 
stance. It dissolves in water, but a few drops of acid cause it to 
s^Kurate. Its composition is still unknown. It may possibly be a 
piWttct of the action of oil of vitriol, which is used in its prepara- 
tioB, on some other substance. 

•Ampelic Acid is formed by the action of nitric acid on that part 
of Uie oil of schist which distils at 300''. It is oily, soluble in 
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hot water, and forms very soluble salts. Its compositioii is not 
known with certainty. A similar oil, obtained from coal-tar, was 
found to contain Cu Ho Os. This would be isomeric with hydrated 
saUcylic acid. 

FOSSIL RESINS, WAX, OIL, NAPHTHA, STC 

Eetinite or retinasphalt is a fossil resin found in lignite or wood- 
coal. It is fusible and combustible, and almost entirely soluble ta 
alcohol. Retinic acid, C21 Ho Oa, was found by Johnston in the 
retinasphalt of Bovey. 

Hatchetine is another fossil resin found in the li|;nites of Wales. 
It is colorless, or slightly yellow, fusible and volatile. 

Scheererite is a colorless, translucent substance, of a pearly 
lustre, found in the Swiss lignites. Both hatchetine and scheer- 
erite appear to be carbohydrogens, and much resemble paraffine, 
not quite pure. 

Middletonite is a fossil resin, found, near Leeds, in coal. 

Idrialinc is a remarkable solid carbohydrogen found in the 
quicksilver mines of Idria. Its composition is Ca H, or perhaps 
C21 Ht ; it colors oil of vitriol intensely blue, forming a coupled 
acid. Succisterene, a solid body obtained by Pelletier and Walter 
in the distillation of amber, has the same composition, and colofS 
sulphuric acid blue. It is, therefore, in all probability, identiosl 
with idriahne. 

Ozokerite, or fossil-wax, is found in lar^e masses in the bitumin- 
ous schist of Slaraick, in Moldavia. When distilled, it yields a 
substance like wax, and also a good deal of paraffine. Oxokerito 
is very fusible, and burns with a bright flame. 

Fichtelite is a fusible, volatile, crystallizable solid, found n 
branches of pine-trees, in the peat of the turbaries in the Fieh* 
telgebirge. It appears to have the formula Cs» His, and is proba- 
bly derived from essence of turpentine, Gio H16. 

Tckoretine ; phylloretine ; zyloretine ; and boloretine ; are the 
names of four resinous compounds, found in the peat of Denmark, 
on the remains of pine-trees. Tckoretine and phylloretine are 
both fusible, volatile, and crystallizable. The former appears Ui 
be C10H9, the latter Cs Ha. Xyloretine is less fusible, and is 
decomposed by heat. It crystallizes, and its formula is said to be 
C«H33 04, which only differs from that of sylvic acid by 1 eq. 
hydrogen. Boloretine is fusible, but does not crystallize. Its 
formula is do H32 -H 3 H O, but it occurs also with 6 and 6 eq. of 
water. 

Asphaltum ; mineral pitch ; pitch of Jndea. — These are the 
names of certain substances of similar characters, found in difier- 
cnt parts of the world, as in Trinidad, in Hanover, and at the 
Dead Sea, in Palestine. They all resemble pitch in aspect, and 
are composed of a dark brown resin, mixed with more or less of 
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a ))rilluint black matter, aspbaltene, Cm Hi« O3 , or of a liquid rola- 
.tOe o3» petrolene, CaoHw. The former of these is probably an 
oxide of the latter. The different kinds of asphaltum are much 
used for water-proof cements, and for pavements, or roofs. Naph- 
teioe is a somewhat analogous substance, found in the limestones 
of the Maine et Loire. 

Petroleum and naphtha. — In certain spots, in the neighborhood 
of the Caspian, in Ava, at the Tegernsee in Bavaria, at Amiauo 
in Italy, and near Neufchatel, as well as in other places, pits dug 
in the earth become filled with water, on which floats, more or 
less abundantly, an oily matter, formerly called rock-oil. The 
purer kinds are little colored and very fluid, and when distilled 
mith water, leave hardly any residue. These are called naphtha* 
Other kinds, as the petroleum of Rangoon in Ava, are dark-col- 
ored and semi-solid, but become liquid at 80^ or 90°. These 
yield by distillation, first, much naphtha, nearly colorless, and then 
much parafiine, which is easily purified. Naphtha, when pure, 
has the Sp. G. 0-755, and its formula is Cs Hs. Rectified naph- 
tha is used for the purpose of preserving potassium and sodium, 
which have no action on it if water be not present In many 
places the native naphtha is used to £;ive light. 
. Seichenbach found that coal, distilled with water, yielded a little 
of an oil very similar to petroleum. 

All the above substances are formed by the decay or destruc- 
tion of organic matter, chiefly wood. It is npt altogether improb- 
able thai those kinds which, like the rangoon petroleum, contain 
parafline ready formed, may have been formed by the action of 
neat on beds of vegetable remains, situated pretty deep in the 
emat of the earth. 

Sooi and lamp-black are produced by the imperfect combustion 
of organic matters. They contain much carbon, mixed, in soot, 
with an acid resinous matter, and with a substance analogous to 
hnmufiy but containing nitrogen, and called absoline. Lamp-black, 
betides a little resin and oily matter, often contains naphthaline, 
which may be extracted by alcohol. 

eULPHUBtZBD ANO NUTRITIOUS ANIMAL AND VEGETABLE PRINCIPLES. 

ALBUMINOUS SUBSTANCES. 

Wo have already seen that some essential oils contain a large 
proportion of sulphur, and it is probable that these oils are de- 
rived from the decomposition of compounds existing in the plants 
which contain much sulphur, but the true nature of which is not 
yet known. But while such compounds only occur in a few plants, 
tbere is another class of sulphurized compounds which occur in all 
plants without exception. These compounds contain nitrogen and 
oxygen, both in considerable proportion to the carbon aud hydro- 
mk, and a small proportion of sulphur. They are all solid, and 
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when heated yield products containing ammonia and stilphnr. 
They ha^ve neither a medicinal nor a poisonous action on the ani- 
mal system, but are nutritious in the strict sense of the word. 

Such are ve^table albumen, vegetable fibrine, and vegetable 
caseine, as well as animal albumen, animal fibrine, and animal 
caseine. The latter, when compared with the former respcctivclr, 
are found to dififer from them only in form, agreeing witn them m 
all essential chemical characters. Every one of the six dissolves 
in strong hydrochloric acid, gently warmed, with a purple color ; 
and all of them likewise dissolve in caustic potash, forming a sola* 
tion which, according to Mulder, yields, after boiling, on the addition 
of acetic acid, a gelatinous precipitate containing no sulphar, 
while sulphuretted liydrogen gas is disengaged. Mulder named 
this precipitate Proteme, believing it to be the fundamental com* 
pound in the albuminous substances, in each of which it was com* 
bined with different small proportions of sulphur, phosphorus, and 
salts. The following table will explain his views, proteine, acoor* 
ding to his analysis, being C45 Hji Ns Ou = Pr. 



Crystalline humor contains 15 eq. proteine 
Cqseine «* 10 «« " 

Vegetable gelatine " 10 " " 
Albumen of eggs " 10 " " 
Fibrine " 10 " « 

Albumen of blood « 10 " " 



1 eq. sulphur 
} •< << 

2 « « 
1 " 

1 « 

2 " 



•« +l«q. 

« 4-1 " 
" -j-i " 



pho«ph«nH 



it 



In this table the salts are omitted. 

Mulder's view, according to which the albuminous substances 
are all compounds of proteine, has been generally adopted, and is 
at first sight very attractive, as it not only accounts for the close 
agreement in composition and properties among the albuminous 
bodies, but also enables us to perceive how they may pass into 
each other. 

But on a closer inspection, several things appear unfavorable to 
the theory of proteine. In the first place : in the above table, the 
albumen of eggs contains less sulphur than that of blood, whereas, 
in fact, it contains more. Secondly : in the table, albumen of egvs 
and fibrine have the same formula, yet their properties are totaUj 
distinct ; while the proteine theory professes to explain difference 
of properties by difference of composition. Thirdly : recent anal- 
yses, according to the most accurate methods, have proved thai 
those bodies contain three or four times as much sulphur as is as* 
Bumed in Mulder*s formulae. Fourthly: it has been found impossible 
to obtain a proteine free from sulphur ; for if the operation be coo* 
tinned as long as sulphur is found in the precipitate, the result is 
that at last no precipitate at all will be obtained. As long as acefis 
acid causes a precipitate, that precipitate contains sulphur. Fifthly: 
the presence of pnosphorus m any other form than that of phos- 
phates, in album mous substances, has in no way been establishedf 
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nd seems in the highest degree doubtful. Liistly: the beat 
ionlyses we have render it very questionable whether, in reference 
to carbon, hydrogen, nitrogen, and oxygen, the albiuninous bodies 
tgree so closely as is supposed on the theory of Mulder. 

Snce, then, the existence of proteine has not been demonstrated, 
there appears no good reason for adopting the proteine theory; 
and we shall therefore describe the albuminous bodies without 
Cuther reference to it. 

1. Vegetable Albumen has only been studied as yet in the coagu- 
laled or insoluble state. It occurs, however, dissolved, or in the 
•olttble form, in vegetables, and especially in the oily seeds, along 
with caseine. It is always combined with alcali, to which it owes 
its solubility. Its distinguishing character is that of coagulfktingf 
or becoming insoluble wnen heated to from 140^ to 160°. .Once 
coagulated it no longer dissolves, even in the liquid in which it 
farmerly quite dissolved. When a fresh vegetable juice is filtered 
and boiled, it yields a coagulum, which is nearly pure albumen. 
Its solutions are also coagulated by acids, by infusion of galls, by 
creosote, and by corrosive sublimate. When dried it is translucent 
In all these characters it agrees with animal albumen. Its com- 
pOtttion, so far as it has been ascertained, is the same as that of 
animal albumen ; but the true formula, even of the latter, is un* 
known. We shall therefore state, under Animal Albumen, what 
it the result of the best analyses. 

ft. Vegetable Fibrine is the essential part of what is called the 
dbten of wheat. It is chiefly found in the seeds of the cerealia. 
When wheat, softened in water, is kneaded under water in linen 
baas, to obtain the starch, and the residuary masses are beat up 
iriiQi rods, the pure fibrine adheres in elastic, transparent filaments 
to the rods. These, afler being treated by ether, to remove fat oil, 
are pure fibrine. When dried, it becomes grayish and translucent, 
like horn. When heated, it yields the usual products of animfd 
■uiiters ; and when left to itself, in the moist state, it putrefies, 
disengaging fetid gases. It is quite insoluble in water. Diluted 
|iiicMrphoric and acetic acids dissolve it easily ; these solutions are 
meipitated by ferrocyanide of potassium, and by infusion of galls, 
l>iluted potash also dissolves it ; and this solu'.ion, when neutralized 
bj phosphoric or acetic acid, yields a precipitnte which dissolves 
in an excess of either of these acids. (For the composition of 
ibrine, see Animal Fibrine.) 

5. Vegdahle Cateine. Syn. Legumine, — Is an essential part of 
iha seeds of the leguminoece, and also of the oily seeds. It is only 
known in combination with acids and with alcalies. To obtain it, 
kidney-beans, lentils, or peas, are softened in water, then brayed 
hi a mortar, the pulp mixed with much cold water, and strained 
through a fine seive, which retains the husks and allows the cas- 
Mid starch to pass, the former dissolved, the latter suspended- 
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On stMiding, the starch settles to the bottom, leaving a solution of 
easeine which may be decanted. It is sometimes milky if mnek 
oil be present, sometimes clear. When exposed to the air, k 
quickly becomes acid» lactic acid being formed, and coagalatai 
exactly as skimmed milk does when it becomes sour. The sola- 
tion of easeine does not coagulate by heat, but, like milk, forms a 
pellicle which is renewed as fast as it is removed. It is coagulated 
oy the addition of an acid, and the coagulum dissolves in an 
excess of all vegetable acids except acetic acid, which produces a 
permanent precipitate, as do the mineral acids. This precipitate 
18 well wasned with cold water, alcohol, and ether, dissolved m 
hot water with a little ammonia, and this solution is precipitated 
by alcohol. It still contains ammonia, but is otherwise nearly 
pure. 

In this state it is like paste of starch, and when dried it is neariy 
transparent, and liquefies when heated. In water it softens and 
this paste is coagulated bv acids, corrosive sublimate, infusion of 
galls, and creosote. Caserne is very soluble in tartaric and oxalic 
acids, also in caustic and carbonated alcalies if diluted. The 
coagula, or precipitates formed by mineral acids in solutions of 
easeine, are compounds of easeine with the acid : they are soluble 
in strong acids. For the composition of easeine, the reader is 
referred to Animal Caseine. 

4. Emtdsine or Synaptase, is the name given to a peculiar com- 
pound of this class, found in certain oily seeds, as in almonds, Ac. 
An emulsion of these seeds is very like milk. On standing, the 
oil rises, like cream, to the top, and the watery liquid is now coagu- 
lated by acetic acid, as milk would be. It coagulates also by 
boiling ; and in this case, the whey, separated from the coaguluttl, 
again coagulates on standing twenty-four hours, and is found to 
contain lactic acid. The emulsine agrees with albumen, in being 
coagulated by heat, and with easeine, in being coagulated bj 
acetic acid. It exerts a peculiar decomposing agency on amygd*> 
line, in which it is also itself decomposed. 

Fungine is the substance of which mushrooms are chiefly 
composed. Its true nature is uncertain, but it contains nitrogen. 

Gliadine is the name given to the viscid ingredient of gluten. 
It contains sulphur, and approaches in composition to vegetable 
albumen. It is probably a mixture. 

When a vegetable juice, containing one or more of these coon- 
pounds along with sugar, is exposed to the air, oxygen is absorbed, 
and a change is commenced in the albumen, fibrine, easeine, 
gluten, <fec., which is soon communicated to the sugar, causing it 
to undergo the vinous fermentation. The temperature rises, and 
occasionally the viscous fermentation takes places, producing ladfo 
acid, gum, and mannite. During fermentation, a gray deposit b 
formed ; this is yeast or ferment. When the whole of the aioCiied 
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miHciples have not been decomposed or rendered insoluble, the 
uqttid, if excluded from air, remains without farther change ; but 
if air be admitted, the alcohol is converted into acetic acid, oxysen 
befaig absorbed by the azotized matters, the contact of which 
eauaes the alcohol also to absorb oxygen. When the sugar is in 
^ef«6, only part of it is converted into alcohol, and part of the 
aiolised matter takes the form of insoluble yeast, the rest being 
daeomposed. The saccharine and spirituous liquid undergoes no 
fitftber alteration. All the above statements apply to the juice of 
Ihegrape and to the formation of wines and vinegar. 

Wlien the juice, as that of the grape, contains tartaric acid, 
etbers are formed, which give the liquia a peculiar smell and fla* 
rotp such as oenanthic ether, which is characteristic of all wines. 
When a juice contains sugar and caseine, it is most apt to undergo 
the Tiscous fermentation, or, at least, the caseine favors the pro* 
dttotion of lactic acid from the sugar. But at a high temperature, 
■ueh as 100^, butyric acid is formed, instead of lactic acid. 

Vegetable fibrine, as it is found in wheat flour, is subject to con- 
tinual alteration by contact with water ; and in this state it has 
the angular property of converting starch into dextrine, a soluble 
gun, and then into sugar. This remarkable power is best seen in 

trminating grain, as in malt, of which a small part mixed with a 
quantity of starch in a thick paste, and warmed to 150° or 
t06°, very soon renders the whole quite fluid and dissolved, and 
finally converts it into grape sugar. That part of the fibrine which 
acta on the starch has become soluble m water. It is called 
iBaatase. 

Diastase is made by rubbing up malt with a little water, express* 
itg the mixture, addinir just enough alcohol to separate the albu- 
nan, and to allow the liquid to filter. The filtered liquid, mixed 
with more alcohol, deposits the diastase. It is purified by being 
repeatedly dissolved in water and precipitated by alcohol. It is 
fnally dried at a temperature of 100° or 1 10°. Thus prepared, 
diastase cannot be a pure compound, but it possesses m a hiflrh 
degree the power of promoting the solution of starch, that is, its 
eonTersion into dextrine and sugar. One part of diastase can con- 
Teii into dextrine, with a little sugar, no less than 2000 parts of 
ilarch. Diastase is evidently fibnne altered, and still more prone 
to change. Its solution cannot be kept ; it becomes acid, and loses 
ili action on starch. 

Malt is made by softening barley in water, and then exposing it 
to the air in moderately thick layers, at a moderate temperature, 
turning it frequently. In about four days the seeds germinate, if 
titer have not been allowed to become too hot, and if the air has 
haa free access. As soon as the germ has acquired the length of 
Ihe seed, the operation is checked by drying the seeds in a current 
of warm air. They now constitute malt In this operation, miioh 
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eiirbonic acid is given off, oxygen being no donbt absorbed.; tbi 
asotized matter in the seeds has undergone a change, and haa 
acquired the properties of diastase ; and the starch has in part 
disappeared, its place being supplied by grape sugar and deztrincu 

When the malt is infused in warm water, the metamorphosis pf « 
the starch is completed, and the whole dextrine passes into sugar, 
which dissolves, along with extractive matter and salts. The solu- 
tion is called must. When sufficiently concentrated, hops and 
yeast are added, and fermentation being carried on, the result it. 
beer or ale, according to the strength of the must When th€- 
malt has been in part roasted, the beer becomes very dark coloicd, 
as in the case of porter. 

To obtain grain spirit, the meal, either of barley, oats, or rya^ 
or a mixture, is digested in warm water along with ] part of mak 
for 4 of meal, till the mass, at first thick, becomes fluid, a proof 
that all the starch has been metamorphosed. Teast is then addeiL. 
and, after fermentation, the must or wort as it is called, is distilled 
and rectified. Potato spirit b obtained in the same way, only 
using potato starch, instead of barley meal or rye flour. 

Many other vegetable matters, and many fruits, may be made 
to yield spirit, malt or diastase being used in all cases where starah 
is to be converted into sugar. 

Potato spirit is accompanied by the hydrated oxide of amyle, or 
oil of potato spirit: c^ain spirit by an oily matter, consisting 
chiefly of margaric and oenanthic acids, probably in part as mar* 
garic and oenanthic ether, and of a volatile oil, called by Mulder 
oleum siticum, that is, oil of grain. Wine spirit, that is, brandy^ 
contains cenanthic ether, and the spirit of molasses, or rum, owea 
its flavor to butyric ether. The oils which eontaminate potato and 
fi^rain spirit are offensive and even injurious to health : they aif 
mcluded by the Germans under the general term Fuseloel. 

Panificatum. — Bread may be made from any flour containingy 
as all good flour does, vegetable fibrine, sugar, and starch. The 
flour being made into a paste with warm water, and yeast beiof 
added, it is set aside in a warm place. After a time, more floor n 
kneaded into the mass, which has begun to rise, and the whole i« 
now heated in the oven, or baked. The yeast induces the vinomi 
fermentation in the su^r of the flour, and the alcohol and carr 
bonic acid escaping, raise the bread and render it porous. Tbe 
starch in general is little changed, but the sugar aisappears, as 
well as a part of the gluten or fibrine. To avoid this loss, bread 
is now raised by means of carbonate of soda or ammonia and a 
diluted acid, which are added to the dough, and the effect is per- 
fectly satisfactory. Equally ^;ood or better bread is obt^ed, and 
the quantity of flour which will yield 1500 loaves by fermentation, 
furnishes 1600 by the new method, the sugar and fibrine being 
aaved. 
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The addition of a little alum to the dough is useful in arrest- 
ing that decomposition in the flour which is apt to occur if it have 
been kept in a moist place. Too much alum cannot be intro- 
daced, as it would prevent the fermentation. 

The nutritive properties (using the word in its strict sense) of 
diflbrent kinds of flour or meal are directly proportional to the 
fibrine or albumen they contain ; because it is these substances 
alone which can be converted into blood or flesh. Hence a work- 
ing man requires more oat bread than wheat bread to restore the 
dady waste of the body, oatmeal containing rather less fibrine, <&c. 
than wheat flour. The starch is consumed in the body, up to a 
certain point, but beyond this it is discharged in the excrements. 
We shall see hereauer what its function probably is. Even the 
best wheat flour contains more starch than is consumed ; and the 
excess is greater in other grains. 

In germination, the azotized principles of the seeds become 
•Qluble and prone to further change. When now dissolved, they 
are in the same state as those of the grape juice which at once 
caose fermentation when air is admitted. Diastase is merely 
gluten, that is, fibrine, in this soluble form or period of change. 

When left in water, gluten swells, putrefies, and disengages 
carbonic acid, hydrogen, and sulphuretted hydrogen gases : it then 
becomes fluid and ropy, the water becomes very acid, and contains 
a peculiar compound called caseous oxide, with acetate, phosphate, 
and caseate of ammonia. When vegetable caseine putrefies, it 

fi?e8 out the odor of putrid cheese, and yields sulphuretted 
ydrpgen gas. 

Ferment, Yeast, Leee of Wine. — These are names given to the 
deposit formed in fermenting liquids, which possess the property 
of exciting fermentation in must, wort, grape juice, infusion of 
malt, or solution of sugar. When solution of sugar is employed 
in excess, the ferment gi-adually diminishes, till about 15 per cent. 
are left, of a substance containing no nitrogen, and insoluble. 
Thb is cellulose, or hordeine. On the other hand, in grape juice, 
or infbsion of malt, the ferment is reproduced from the azotized 
principles present. 

Mulder and Schlossberger have shown that ferment is composed 
of regular cells, formed of cellulose, and containing an azotized 
matter, very easily decomposed, which is an albuminous compound. 
Thb body rapidly decomposes the deutoxide and persulpbide of 
bvdrogen, but loses this property after it has been heated to 212^. 
Mulder thinks that, after boiling, it is a superoxide of proteine. 

The power of yeast or ferment to act on sugar is destroyed by 
boiling water, by absolute alcohol, by pyroligneous acid, salts of 
mercury, essential oils, sulphurous acid, <&c. 

Caseous oxide, caseic acid, or aposepidine, are names given to 
the crystalline compound formed during the putrefaction of gluten 
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under water. It contains nitrogen, but its formula is unknown. 
It is soluble in water, insoluble in alcohol. 

We now proceed to the consideration of the parallel compounds, 
animal albumen, fibrine, and caseine. 

5. Animal Albumen is hardly known in a state of purity. The 
purest appears to be that prepared by exactly neutralizing serum 
of blood or white of egg with acetic acid, and adding a large quan- 
tity of water. The albumen separates in translucent flocculent 
masses, which, when washed with water, assume the aspect of 
paste. — (Denis), Albumen is best known in the form of the serom 
of the blood and that of white of egg. 

Serum of blood, dried in a very gentle heat, leaves a translucent 
mass, which dissolves completely by digestion with water. Both 
in this form, and in the preceding, it dissolves far more easily in 
the most diluted alcaline solutions. 

White of egg consists of very delicate cells, filled with a ropy 
liquid. By beatin^r with water, the cells are broken, and are 
afterward deposited, being insoluble. Dried at a gentle heat, 
white of egs is yellow, translucent, and brittle. In water it again 
softens into its original state. When calcined, it leaves 6 or 7 per 
cent, of salts, commmon salt, carbonate, phosphate and sulphate 
of soda, and phosphate of lime. 

The action of heat on albumen is remarkable. When heated 
alone, or after dilution with water, to between 145^ and 165®, it 
coagulates into the well-known white clastic mass, which, when 
dried, becomes yellow, homy, and brittle. It is now quite insolu- 
ble in water ; but if, after being coagulated and dried, it is placed 
in water, it swells up into the original elastic mass of coagulated 
albumen. 

The albumen prepared by the process of Denis dissolves readily 
not only in acids and alcalies, but also in neutral salts, such as 
nitrate or sulphate of potash or soda. It is owing to the presence 
of such salts in serum and white of egg that their albumen is solu- 
ble in water. When the pure albumen of Denis is dissolved 
in solution of nitre, it is coagulated by boiling, exactly like 
serum. 

Solutions of albumen are coagulated by acids ; the addition of 
free alcalies prevents even the action of heat. Serum and white 
of egg, when mixed with water, being both alcaline, may be neu- 
tralized carefully by acids, without coagulation. Acid solutions 
of albumen are precipitated by corrosive sublimate and ferrocyan- 
ide of potassium, by infusion of galls, by creosote, and by alcohol. 
The real difference between soluble and insoluble or coagulated 
albumen is not yet known. 

When albumen putrefies, it yields sulphide of ammonium, sul- 
phuretted hydrogen, and other products. When heated, it bums 
with the odor of burnt horn or animal matter. 



AMIIfAL FIBBDra. 833 

The composition of albumen is not yet ascertained with suffi- 
cient precision to enable us to deduce its formula from the analysis 
alone. The following table contains a few of the best analyses of 
the albumen of eggs : — 

Mulder. SdMerar. Rfiling. Yerdell. 

Carbon 54086 65000 51-91 ' * ^ 

Hydrogen 7- 100 7073 7- 15 

Nitrogen 16*650 15-920 

Oxygen 22*167 C 

Pho«phorus 00*330 < 22*007 

Sulphur 00*667 ( 1*717 2*164 2*054 

A glance at these numbers is sufficient to show that the agree- 
ment is not such as to enable us to fix a formula, and more espe- 
cially such a formula as that of Mulder, containing 10 eq. of pro- 
teine, that is, 400 eq. of carbon, 310 of hydrogen, 50 of nitrogen, 
and 120 of oxygen. A very trifling variation in the carbon, for 
example, makes a difference of 20, 30, or more atoms in the de- 
ducea formula, and the above analyses exhibit a variation of 3 
per cent, in the carbon. Again, the sulphur in the analyses of 
Ruling and Verdeil amounts to more than 3 times the quantity 
obtained by Mulder, who admits one eq. of sulphur in egg-albu- 
men. The presence of phosphorus, as admitted by Mulder, has 
not been proved ; and lastly, the most recent analyses indicate 
from 1 6 to 1 7 per cent, of nitrogen. 

It is clear, therefore, that we cannot hope to fix the formula of 
albumen by mere analysis, at least for the present ; and the only 
method which promises better results, is the study of the products 
of its decomposition. In the case of gelatine and caseine, a begin- 
ning, as we shall see, has been made, and it is more than prob- 
able that albumen will yield similar results. 

6. Animal Fibrine is found in blood, chyle, and lymph dissolved, 
and forms the chief part of the muscles. It may be obtained by 
whipping up blood with rods, when it adheres to the rods, and is 
finally purified by kneading with water to remove coloring matter, 
and by digestion with alcohol and ether, which dissolve fatty sub- 
stances. When dry it is somewhat similar to albumen, and when 
heated burns with (he same smell, leaving from 0*17 to 2-55 per 
cent, of ashes, phosphates of lime and magnesia. Recent fibnne 
loses, in vacuo, about 80 per cent, of water, the greater part of 
which it again takes up when placed in water. When long boiled 
with water, it slowly dissolves ; and when left long, that is, for 
acme months, under water, it gradually disappears. 

The fibrine of venous blood dissolves, at a gentle heat, in solu- 
tions of acetate of soda, sal ammoniac, and nitre. These solutions 
are coagulated by heat, and exhibit the properties of dissolved 
albumen. Muscular fibrine may also be thus dissolved ; but 
neither arterial fibrine, nor the fibrine of the buffy coat^ can 
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undergo this change. Venous fibrine loses this property by "ex- 
posure to the air, when it absorbs oxygen and gives off carbonic 
acid. Fresh fibrine rapidly decomposes deutoxide of hydrogen ; 
but boiling water or alcohol deprive it of this property. 

The most striking character of fibrine is its spontaneous coagu- 
lation, as in the blood ; which is also seen in vegetable fibrine in 
some juices. In regard to acids and alcalies, fibrine acts like 
albumen. 

The composition of fibrine approaches closely to that of albumen, 
and the best analyses do not admit of being reduced to a formula 
at present. We may hope for a better result when the products 
of Its decomposition shall have been minutely studied. 

7. Animal Ccueine is chiefly found in milk. It is not known in 
a state of purity, but only combined with bases or acids, for both 
of which it has a powerful attraction. Uncombined caseine is in- 
soluble : m milk it is dissolved by virtue of the potash which ren- 
ders that fluid alcaline. If carefully neutralized by an acid, milk 
is not coagulated, but it is then coagulated by boiling. The coaf^• 
nlum or curd formed by excess of acids is very soluble in oxalic 
and tartaric acids, sparingly so in the mineral acids. This coagulum 
contains, along witn caseine, a good deal of the acid employed. 

The coagulum caused in milk by alcohol, yields, when burned, 
10 per cent of ashes, chiefly phosphate of lime. What is called 
soluble caseine is a compound containing much potash. With 
lime, baryta, <fec., caseine forms insoluble compounds. 

The composition of caseine is not accurately known, as the body 
known under that name contains Q'6 per cent, of ashes. But in 
regard to the other elements, it agrees pretty nearly with albumen 
and fibrine, the existing analyses exhibiting the same variations. 
It certainly contains less sulphur than albumen or fibrine ; for while 
albumen contains from 1*7 to 2 per cent., and fibrine from 1*3 to 
1*6 per cent., caseine appears to contain no more than from 0*85 
to 1 '0 per cent of sulphur. 

As in the case of the two preceding compounds, so also in this, 
no formula can safely be deduced from the analyses. But the 
study of the products of decomposition of caseine, which has been 
commenced, promises to lead to better results. 

Schlossberger has succeeded in resolving caseine into two nitro- 
genized bodies, one of which contains all the sulphur, the ether 
none. Liebig has discovered that when caseine is melted with 
caustic potash till hydrogen gas begins to escape along with 
ammonia, the residue dissolved in water, and mixed with acetic 
acid, deposits a crystalline compound, tyrosine, Ct«N Ho Of, 
which merits a detailed investigation. The mother liquid, when 
farther concentrated, yields leucine, a body already known as 
a product of the action of potash on gelatme. Its formula is 
OiiNHb04. 
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Moreover, if the original fused mass be supersaturated wiih 
t«rtaric acid, and distilled, it yields valerianic acid ; and if the 
heat has been longer continued, butyric acid also is obtained. 
The origin of the valerianic acid is obviously the action of potash 
on leucine previously formed. 

CkNHu04 + 3{K0,H0) = KCCioHb O3 + NHa 

> , > y ^ > 

Leucine. ValeriMiate of potaah. 

+ 2(K0,C0«) + Ha. 

Leucine contains, excepting 1 eq. of hydrogen which is wanting, 
the elements of a compound of 1 eq. cyanic acid, 1 eq. oxide of 
amyle, and 2 eq. of water : 

Ci«NHi2 04+H=Ca NO + C10H11O + 2HO. 

But when hydrated cyanic acid is made to act on hydrated oxide 
of amyle, it yields a compound which, although very similar to 
leucine, is yet quite distinct, being the allophanate of oxide of 
amyle, analogous to the allophanate of oxide of ethyle. Its form- 
■lais, 

CuNaHi«Oe = CioHiiO + C4 Ni H3 Os 



V ■ ^ ■ y 
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According to Bopp, caseine, when acted on by hydrochlorio 
acid, yields products, among which are found, in large proportion, 
tyrosine and leucine. It has long been known that albuminous 
bodies yield leucine, when ac^d on by sulphuric acid. It appears, 
therefore, that these compounds have a tendency to yield definite 
and crystalline products, the study of which offers the best method 
of ascertaining their formulae. 

It has also been found that caseine, when oxidized by certain 
methods, yields the same varied products as gelatine. (See 
Qdaline.) 

In the spontaneous decomposition of caseine we again meet 
with valerianic acid, along witn butyric acid and the other volatile 
oily acids. 

Milk, or any other solution of caseine, when evaporated in the 
air, forms a pellicle, which is renewed as fast as it is removed. 
This is insoluble, and yields ashes containing lime and phosphate 
of lime. 

Milk may be analyzed by drying it up in vacuo, dissolving the 
batter by a mixture of ether and alcohol, and the sugar of milk 
and salts by cold water. The caseine remains in this way nndis-* 
solved, the salts having been first removed. 

When exposed to the air, milk undergoes a peculiar chan^. 
The caseine enters into decomposition, and this decomposition 
passes to the sugar of milk, which yields a little lactic acid, and 
lUs causes the caseine not yet decomposed to coagulate. Birf 
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the decomposition continues ; the sugar of milk is at last enUrely 
converted into lactic acid, mannite, and gum ; and if the acid be 
neutralized, and fresh sugar added, it will undergo the same 
change as long as any caserne remains. This is the method fol- 
lowed for obtaining lactic and lactates. The coagulum separated 
from the whej when first formed, and pressed out, forms cheese. 
In making the better kinds of cheese, the milk, instead of bein? 
allowed to coagulate spontaneously, is coagulated by contact with 
water, in which part of the lining membrane of a stomach has 
been infused. This infusion is called rennet, and it acts by virtue 
of containing albumen or gelatine in a state of decomposition, 
which is at once communicated to the sugar. 

When milk spontaneously coagulated, is exposed to a heat of 
from 75^ to 85°, without any addition, the sugar of milk passes 
into grape sugar, and vinous fermentation ensues. The fer- 
mented milk, distilled, yields a spirit containing traces of butyric 
ether.. 

If sugar is made to ferment with caseine at about 100°, carbonio 
acid and hydrogen gases are disengaged, and butyric acid ia 
formed in a large quantity. 

The chief mineral substances in milk are potash and phosphate 
of lime, which are found in its ashes. The ashes also contain sul- 
phates, although milk does not. The sulphuric acid in the ashes 
u derived from the oxidation of the sulphur of the caseine. 

The proportions of water, caseine, sugar of milk, butter, and 
salts, are very variable in milk. It generally contains about 86 
per cent of water, 4 to 7 of caseine, 3*5 to 5' 5 of butter, and 3 to 
6*5 of sugar of milk and salts. For the best method of analyzing 
milk, proposed by Haidlen, I must refer to the "Annalen der 
Chemie und Pharmacie," xlv., 274. By this method Haidlen 
obtained as follows : 
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The colostrum, or milk given immediately afler parturition » 
differs from normal milk in containing 15 to 25 per cent, of albu- 
men, with less caseine, butter, and sugar of milk. 

The milk of bitches, according to Simon, contains from 14*6 to 
17*4 of caseine, 16*2 to 1 3*3 of butter, and no sugar. 

Cheese is caseine in a state of incipient or progressive decompo- 
sition or putrefaction. In the finer kinds of cheese, there is a 
large proportion of butter, and to the volatile acids of the butter 
may be ascribed the flavor of cheese. Some kinds of cheese 
m% fall of what are called eyes, that is« hoUows, caosed by Urn 
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formation of bubbles of gas ; and in these hollows a liquid is some- 
times found, containing free ammonia, a product of decomposiilon, 
which greatly hightens the flavor. When the blue mould appears 
Id cheese, it is in a state of i apid decay or eremacausis, and much 
ammonia is given off. Little is yet known of the chemical differ- 
ences in the making of different kinds of cheese. The richest are 
made almost entirely from cream, as »Stilton and Parmesan. 
Others, as Gruyere, Gloucester, Cheshire, and Dutch cheese, are 
mad^ with fresh uncreamed milk, or mixtures of this with cream ; 
and more or less salt is used, as well as different methods of coagu- 
lating, in different places. 

Animal Mucui is somewhat analogous to albumen, when dry.. 
In water, it softens and swells, like tragacanth. It is precipitated. 
by picric acid. It contains sulphur. 

8. Hvmy Matter, — This name may be given to the substance 
of which the epidermis, hair, wool, silk, feathers, nails, claws, hoofs,, 
horn, shell, and probably also sponge, are composed. All these 
substances dissolve in potash-lye when heated with it, giving off 
ammonia, and forming a solution from which, by neutralization 
with acetic acid, a white gelatinous matter is precipitated. (See 
Proteine.). They all contain sulphur. Sponge leaves 3^ per cent, 
of ashes, among which is found iodide of potassium. All the 
above substances, when heated or burned, give out the same pecu- 
liar and well known smell, known as that of burnt feathers. 

• OELATIOENOUS TISSUES. 

Under this head we place several tissues which yield to boiling 
water a substance which on cooling forms a jelly, or may be 
called gelatine. They are chiefly found in the cellular membrane, 
the skin, the membranes in general, the tendons, ligaments, bones, 
cartilages, <&c. 

The cellular tissue and the membranes are chiefly formed of gela- 
tinous matter, which is insoluble in cold water and acids. It 
combines with salts, as corrosive sublimate, persulphate of iron and 
alum, forming insoluble compounds which do not putrefy, as. 
gelatine itself so readily does. 

The gelatine of the skin, when moist, combines with tannic acid, 
if steeped in a solution of that acid, and is converted into leather. 
While the true skin is gelatinous, the epidermis is more allied 
to horn. 

Chondrine is the name given to the gelatine of the cartilages. 

Gelatine or glue is that given to the gelatine of the bones and 
hoofs, skins, (&c. of animals. Isinglass is made from the air- 
bladder of fishes, and is nearlv pure gelatine. 

1 part of pure gelatine, dissolved in 100 of hot water, forms a 
jelly on coohng. A solution of isinglass is completely precipitated 
by infusion of nut-galls. 
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Chondrine and gelatine, in solution, are distinguished by acids, 
alum, and salts of lead, which precipitate chondrine but not 
gelatine. In regard to other tests, they agree. 7^77 of either 
may be detected by tannic acid. 

By the action of chlorine on e^elatine, there is formed what if 
called chlorite of gelatine, consisting, according to Mulder, of 
chlorous acid and gelatine. 

By the action of potash, gelatine is converted into sugar of gela- 
tine, or glycocoll, a substance already described as an artiticial 
base, or into a mixture of sugar of gelatine and leucine. 

The composition of gelatine is not more accurately known thaa 
that of the albuminous substances already mentioned. li 
approaches to them in composition, but, so far as we know, it can- 
not pass into albumen, fibrinc, or caseine, as these bodies can pass 
into each other, and even into gelatine. Hence it is not fitted for 
the formation of blood, and cannot be called strictly nutritious. 

When gelatine is oxidized by means of bichromate of potash 
and sulphuric acid, it yields, according to Schlieper, the following 
products : 1 . hydrocyanic acid ; 2. acetic acid ; 3. valerianic acid ; 
4. benzoic acid ; 5. a new oil, valeronitrile ; 6. another new oil, 
valeracetonitrile ; and 7. a heavy oil, with an odor of cinnamon* 
not fully studied. Marchand obtained also hyduret of benzoyls. 

Valeronitrile, Cio Ho N, corresponds to benzonitrile, a compound 
recently discovered among the products of the action of heat oil 
benzoate of ammonia ; and may be derived from valerianate of 
ammonia, as follows : 

C>oH9 03,NH3,HO = 4HO + CioH» N. 

> ^ / V . i 

Vftleriaiuite of unmonia. Valeronitrile. 

When acted on by alcalies, it takes up water, and is again con- 
verted into valerianic acid and ammonia. 

Valeracetonitrile, Q» H24 Na Oe, contains the elements in 2 eq. 
of 4 eq. valeronitrile, and 3 eq. hydrated acetic acid. It is 
resolved by alcalies, water being taken up, into ammonia, which 
escapes, and acetic and valerianic acids. 

It is obvious that the full investigation of the products of decom- 
position of gelatine will ultimately lead us to its true formula. 

B<m€. — The gelatine and other animal matters in healthy bone 
constitute from 37*6 to 44 per cent. ; the rest is earthy matter. In 
rickets and mollities ossium, the car tilag;i nous matter amounts to 
from 63 or 70 to 80 per cent., and the phosphate of lime is dimin- 
ished in proportion, not exceeding, in some cases, 12 or 13 per cent. 

The proportions of gelatine and earthy matter vary in different 
animal species. 

The earthy ingredients of bone are, phosphate of lime, car- 
bonate of lime, fluoride of calcium, phosphate of magnesia, with 
unall quantities of common salt» soda, dkc. 
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Bone or ivory-black, obtained by calcining bones in retorts, con- 
tains all the earthy and saline matters, with a large proportion of 
charcoal intimately mixed with them. It probably contains nitro- 
gen. Qu ? as paracyanogen or mellone ? 

THE BILE. 

This animal fluid, collected from the liver in the gall-bladder, 
IS slightly alcaline, and has a viscid, oily consistence. It has, 
irhen fresh, a golden-yellow color with a tinge of green, and 
becomes darker when exposed to the air. Its taste is bitter and 
persistent, with a sweetish after-taste. It is perfectly miscible with 
water, and its aqueous solution froths like solution of soap. 

When dried in the vapor bath, bile leaves a yellow mass, which 
dissolves in alcohol, leaving undissolved a little mucus. The 
alcoholic solution is deep green, but may be decolorized either by 
animal charcoal, or by the cautious addition of baryta, which forms 
an insoluble compound with the coloring matter. The decolorized 
alcoholic solution of bile still contains cholesterine, which is 
separated by adding ether, till the solution becomes slightly tur- 
bid : on standing, pure bile is deposited in crystals, the formula 
of which U NaO -f C44H4oNS09. — ( Fm^et/.) 

The solution of bile is precipitated by neutral acetate of lead, 
bnt the liquid becomes acid. If the free acid be neutralized, ace- 
tate of lead produces a fresh precipitate, the liquid again becom- 
ing acid. Tribasic sub^cetate of lead precipitates at once the 
whole of the organic matter of the bile, but an excess of the pre- 
cipitant is apt to redissolve a part of the precipitate, which is also 
soluble in alcohol. Mineral acids cause a resinoid precipitate iii 
solution of bile. 

Bile in solution may be recognized by the property of striking 
% purple color with solution of sugar and sulphuric acid. 

rurified bile, when calcined, leaves a white ash, composed 
chiefly of carbonate of soda, with traces of phosphate of soda and 
common salt. The ash amounts to 12 per cent., of which upward 
of 1 1 consist of carbonate of soda. 

It is, therefore, evident that bile is composed of soda united to 
an organic compound, having the characters of an acid, although 
a feeble one, and in some respects analogous to the fatty and resin- 
ous acids. This compound, which is the whole organic or com- 
bustible part of the bile, is called choleic or bilic acid, and bile is 
the choleate of soda. 

Choleic acid is best prepared by making an alcoholic solution of 
9 parts of pure bile, and dissolving, with the aid of heat, in this^ 
1 part of edloresced (monohydrated) oxalic acid. The oxalate of 
soda separates in crystals. The filtered liquid, diluted with a little 
water, IS digested with carbonate of lead, till all oxalic acid is re- 
iDO?ed. Any lead that may be dissolved is separated by sulphur* 
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etted hydrogen, and the filtered solution evaporated in the water 
heat. Choleic acid may also be obtained by the action of dir 
hydrochloric acid gas on a solution of pure bile in absolute alcohol, 
and by several other processes, of which one may be noticed. 
Pure bile is precipitated by subacetate of lead, and the precipitate 
brought with water to the boiling point. Sulphuric acid is now 
added, drop by drop, until the precipitate has lost its peculiar con- 
sistence. The liquid is then filtered, and any dissolved lead sepa- 
rated by sulphuretted hydrogen. 

To purify choleic acid it is dissolved in a very small quantihr of 
alcohol, and precipitated by ether, which retains in solution tatty 
matters. The probable formula of choleic acid is C44 H« N S Ot» 

HO = C44H4lNSOlO. 

When dried in the water-bath, or in vacuo, over sulphuric acid» 
choleic acid, if prepared from decolorized bile, is colorless, or 
nearly so, and has the aspect of gum. It is resinous and friable 
when dry, but its powder attracts moisture strongly, and becomes 
agglomerated together. Its solution is distinctly acid to test paper.- 
The addition of mineral acids causes a separation of choleic acid 
in oily drops, which are soluble in pure water. 

Pure choleic acid, when heated on platinum foil, bums with 
flame, leavin? a voluminous coal which finally bums away without 
residue of ashes. When choleic acid leaves an alcaline ash, it is 
because it contains undecomposed bile, choleate of soda ; in faet» 
it may be called acid choleate of soda, a substance which hat 
been described as a distinct ingredient of the bile by several 
chemists. 

Numerous analyses of pure bile (deducting the ashes) and all 
choleic acid, both prepared in many different ways, by different 
chemists, as Demarcay, Theyer and Schlosser, Kemp, Enderlin, 
Yerdeil, and others, agree so well together, that no doubt can be 
entertained in regard to this point, that the bilic or choleic acid of 
ox bile is a substance of uniform composition, and that the acid in 
bile has the same composition as that which is obtained in the sep- 
arate state by the processes above given. 

Farther, if the choleate of lead, purified from phosphate, chlo- 
ride, <&c., of lead, by solution in alcohol, be acted on by carbonate 
of soda, choleate of soda (artiBcial) is obtained ; and this salt, 
when pure, is found to differ in no one respect from -pure bile, or 
natural choleate of soda, and is, therefore, regenerated bile. Its 
composition is the same as that of bile. 

Choleate of soda has already been described as purified bile. 

Acid choleate of soda has been at difiierent times known ai' 
biliary matter, and as bilifellic acid with excess of biline. — {Berm* 
litu.) But the biline of this chemist, and also his su?ar of bile, 
are nothing more nor less than either pure bile or choleic acid. 
Platoer has lately obtained the acid chdeate of soda crystalliied,' 
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which is a strong additional argument in favor of the opinion that 
the bile is a uniform and definite compound of choleic acid, and 
that all the numerous compounds described by Berzelius and oth- 
ers as constituents of bile, are products of the decomposiiion of 
choleic acid. This is a consideration of the utmost importance, 
with reference to the production of bile in the animal body, to its 
fonctions, and in short to chemical physiology. 

Choleate of lead (basic). — This salt, precipitated by subace- 
tate of lead, has the characters of a plaster, as choleate of soda 
has those of a soap. 

PRODUCTS OF THB DECOMPOSITION OF BILE. 

The recent discovery of 38*6 per cent, of sulphur in taurine, 
and of nearly 4 per cent, in choleic acid, renders it impossible to 
ffve at present a satisfactory account of the various metamorphoses 
of the bile, until the researches, rendered necessary by these dis- 
coveries, shall be concluded. In the meantime, the only com- 
pCMinds the formulae of which are known with any degree of cer- 
tainty, are choleic acid and taurine. The formula of choleic acid 
must be considered doubtful, till we know what becomes of the 
sulphur of the bile in its formation. 

1. Choloidic acid. — This acid is formed by the action of hydro- 
chloric acid, when boiled with bile. It differs from choleic acid 
in containing no nitrogen. Its formula is Ceo Hso On. Its produc- 
tion is attended with the formation of taurine. Choloidic acid is 
resinons or rather pitchy in aspect, sodened by the heat of boiling 
water, insoluble in water and ether, soluble in alcohol. Probable 
formula Cm Hso On = Ceo Ho Oio, H ; but as that formula was 
ascertained before the presence of sulphur in choleic acid was 
known, it must be considered doubtful. 

By the action of nitric acid, choloidic acid is converted into a 
TSJciety of products, among which are: 1. Several of the oily 
aeids of the series (CH)n4'04; 2. a heavy pungent volatile oil, 
which by the action of potash yields nitrocholic acid, Ca H N4 O9, 
HO, and cholacrole, another pungent oil, Ct Hs Na O13; 3. cho- 
kidanic acid, C16 Hn Oe, H ; and 4. cholesteric acid, Ct U4 O4, 
H 0, so called because it is also formed by the action of nitric acid 
on cholesterine. 

2. Taunne, Ci H? N Sa Oe. — This substance is found in tha 
liquid which has deposited the choloidic acid. When pure, it 
forms large prisms, neutral, with a cooling taste, soluble in water, 
and very permanent, not being decomposed by strong nitric acid. 

S. Cfidic Add. — This is another non-azotized acid, formed 
when bile is acted on by fusion with caustic alcalies, which disen- 
gage the nitrogen as ammonia. It resembles the fatty acids, or 
rather the resinous acids. It forms large transparent tetrahedra, 
■olable in alcohol and ether, nearly insoluble in water. Formula, 
C«Hii08,H0? 
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4. Dyslysine. — This is the name given by Berzelios to a com- 
pound formed during the action of hydrochloric acid on bile. It 
is very sparingly soluble in hot alcohol. (Hence its name, from 
dv$, and xvoif, solution). It has a resinous aspect, and the fonnola 
GnH4B Ot, that is, choloidic acid minus 4 eq. water. 

The fellic acid and cholinic acid of Berzelius are miztorea ct 
some of the above, or of other products, with unaltered choleie 
acid. They do not exist ready formed in bile, according to Theyer 
and Schlosser. 

5. Chdic acid, (Gmelin). — This is an acid, containing nitrogen, 
formed when choleate of lead is acted on by acetic acid. It forms 
fine needles of a sweet and pungent taste, very soluble in alcohol 
and in hot water. Its formula is unknown. 

6. Cholanic add is a resinoid acid, found in putrid bile, and veiy 
similar to choloidic acid, if not identical with it. 

7. Fdlanic acid accompanies the preceding. It forms trans- 
parent prisms, and may possibly be cholinic acid. At all events, 
it is not established as a distinct compound ; but is a product, 
probably a mixed one, of some of the changes of so complex n 
substance as choleie acid. 

The coloring matter of the bile when dry is reddbh-brown, bat 
dissolves in potash with a yellow color, becoming greenish -brown 
in the air. Its solution, mixed with excess of nitric acid, becomes 
first green, then blue, violet, red, and finally yellow. The same 
changes of color are seen in serum, chyle, or urine charged with 
bile, as in jaundice. 

BILIART CONCRETIONS. 

The calculi or concretions found in the gall-bladder are gener- 
ally composed of cholesterine, with more or less coloring matter* 
Sometimes the cholesterine is so pure that alcohol dissolves it 
entirely and becomes hardly colored ; at other times coloring mat- 
ter alone is found. The former case occurs in the human sobjeot ; 
the latter generally in the ox. 

LiihofelTic acid is an acid found constituting the mass of certain 
concretions called bezoar orientate, and said to be found in the 
stomach of certain antelopes ; but which are, no doubt, biliary 
concretions. 

Lithofellic acid is fusible, gives off when heated a fragrant vapor, 
and has when cut or rubbed in the concretion the lustre of wax. 
It dissolves in hot alcohol, and forms brilliant six-sided prisms, 
insoluble in water. Formula, G« Urn Ot — (EiUing and Wtil) ; Cm 
H»07,H0 — (PFo^/er). 

Nitric acid converts it into a new acid containing nitrogen. 
Formula, C40 Ha N On. 

. When distilled, lithofellic acid loses 2 eq. water, and yields 
pyrolithofellic acid, Cm Hm Ot. 
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BRAIN ARD NRRYOUS MATTSR. 

This substance consists of water to the extent of about 80 per 
eont ; of albuminous matter, 7 per cent ; and of several peculiar 
fftfts, among which are cholestenne, and another beautifully crys- 
telline fat, resembling cholesterine but distinct from it. 

Cerebric acid. — This is a fatty acid, peculiar to the neryous 
fluUter. It is purified by means of ether, which removes an oily 
niRtter, and by crystallization in hot alcohol. It forms white 
granular crystals, slightly soluble in water, especially when hot, 
Rlihough the greater part is not dissolved, but swells up into a 
gelatinous paste. It melts when heated, and when burned leaves 
a yery acid coal. It contains both nitrogen and phosphorus, 
which distin^ishes it from the ordinary fat acids. Its salts are 
▼ery soluble m alcohol, as well as in water. 

Oleophosphoric acid. ^ This acid is dissolved, in combination 
with soda, by the ether used in purifying cerebric acid ; but it is 
hardly known in a state of purity, being mixed with a neutral oil, 
eerebroleine^ with cholesterine, and with cerebric acid, in small 
quantity. With alcalies it forms soaps, exactly similar to the salts 
cuasolyed from brain by ether. When boiled with water or alco- 
bol, it is resolved into cerebroleine and phosphoric acid. Of the 
latter it yields about 2 per cent. 

Cerebroleine is purified by cold alcohol, which dissolves the oil, 
leaving undissolved all the cholesterine and cerebric acid. Its 
composition is the same as that of the oleine of human fat. 

The cholesterine of the brain appears to be identical with that 
of bile. The brain also contains traces of oleic and margaric acids. 
When it putrefies, the oleophosphoric acid disappears entirely. 

The most important point in the chemical history of the brain 
is that it contains both fat and albumen, the two extremes of the 
animal products, and substances (cerebric and oleophosphoric 
adds) of a composition intermediate between that of albumen and 
that of fat. These bodies, however, appear to contain even a 
larger proportion of phosphorus than albumen. It is not yet 
known where the cerebric and oleophosphoric acids are produced : 
whether in or by a special organ, as the bile is by the liver ; or 
whether in the circulation generally. It will be seen hereafter 
that the blood does contain traces of cholesterine and other fatty 
matters ; and, indeed, as the blood also contains bile, it may be 
•apposed that the liver does not form the bile, but merely separates 
ttm)m the blood, it having been previously formed. In like man- 
ner, even if there should be found an organ connected with the 
formation or secretion of nervous matter, still the function of that 
organ might be only to separate cerebric acid, previously formed, 
from the blood. At all events, we cannot doubt that the very 
remarkable composition of the acids of the brain has an important 
lelatioQ to the functions of that organ, and that the production of 
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those acids fonns an essential part of the yital process going on m 
the body. 

Liebig has lately observed that the brain contains no kreatine* 
(a body found in urine and in the juice of flesh), but that whes 
triturated with barytic water, two acids are taken up by that base* 
forming salts, one of which is insoluble, the other soluble, in 
alcohol. Both dissolve in water, and the solution in both cases 
yields a white precipitate with acids. The acids in question are 
therefore insoluble in water, and probably allied to fat acids, but 
they have not yet been examined. 

Dr. R. D. Thompson has also been for some time engaged m 
the study of the brain, and his researches are anxiously looked for. 

GASTRIO JUICE. 

This juice, as extracted from th6 stomach of executed criminals^ 
is colorless or slightly yellow, turbid, and distinctly acid. It 
contains free acids along with chlorides of potassium and sodiuaiu 

The nature of the free acid present in the gastric juice has been 
disputed. When it is distilled, free hydrochloric acid is obtained, 
and this is often, perhaps always, accompanied by butyric acid ; 
but it must be remembered that these acids are volatile, and that 
therefore their presence in the distilled liquid affords no proof of 
their existence in the free state in the gastric juice. On the other 
hand, Lebmann obtained from the gastric juice, by a peculiar pro- 
cess, a salt of magnesia, which he analyzed, and which Liebig has 
shown to be lactate of magnesia. There can be no doubt of the 
presence of phosphoric acid, free or combined ; and it is meat 

f)robable that in the normal juice, the fixed acids, phosphoric and 
actio, are, in part at least, free, while the volatile acids, hydro- 
chloric and butyric, arc present in the form of salts. In the dis- 
tillation, the latter are expelled in the free state, the fixed acids 
taking their place. This view is confirmed by the phenomena 
exhibited by the juice of flesh, (See Liebig's Kesearcbes on the 
Chemistry of FockI, and the next section of this work), which 
undoubtedly contains free lactic and phosphoric acids, (or what is 
the same thing, acid phosphates and acid lactates), along with 
chlorides, and appears to have a very close resemblance to the 
gastric juice. 

The property of dissolving or digesting food, such as albumen, 
fibrine, cascine, &c., is owing in part to the presence of free acid, 
and in part to the presence of part of the liniufi^ membrane of the 
stomach dissolved, and in a state of change. The gastric Juice con- 
verts into chyme, or digests, albumen, fibrine, <kc., out ol the body 
as well as in it, if the temperature of the stomach be kept np ; 
and water acidulated with a trace of hydrochloric acid, and after- 
ward left for 24 hours in contact with the lining membrane of a 
stomach, acquires in a very high degree the sc^vent power of Uie 
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rric juice. Water thus prepared dissolves in 8 to 12 hours, at 
temperature of from 86** to 104°, hard-boiled white of egg^ 
ite., which requires 4 days at a temperature of 168° to 176° to 
be dissolved by water merely acidulated with the same proportion 
of acid, but not placed in contact with the stomach. This latter 
fluid, however, dissolves meat better than it does albumen, 
because the meat supplies some membraneous matter in a state 
of change, by which the solution of the fi brine is finally pro- 
noted. 

All attempts to isolate the supposed principle — pepsine as if 
was called, which is supposed by some to be the solvent of food 
in the stomach — have failed. The gastric juice has onlv yielded 
Mces of animal matter, and we have not yet any proof that its 
solvent action depends on a peculiar compound, and is not rathei 
the effect of a kind of fermentation induced in the food by contact 
with the particles of dissolved epithelium, themselves in a state oi 
change, and consequently of motion. On the whole, then, taking 
into account the facts of artificial digestion, it appears most prob- 
able that digestion is a process analogous to fermentation in the 
conditions under which it takes place, namely, a certain temper- 
ature, and contact with azotized matter in a state of decomposition; 
but differing from the usual forms of fermentation in its phenomena, 
no gas being disengaged, and its chief result being the solution 
of an originally insoluble matter. 

JUICE OF FLESH. 

The muscular mass of animal bodies is chiefly composed of 
muscular fibre (fibrine), colored by blood, contained in mnumer- 
able small vessels, of those vessels, of nerves, of tendinous matter, 
and of cellular tissue. More than f of its weight are water, 
which, holding in solution a great variety of substances, penetrates 
CTery part of the mass, and constitutes the juice qfjlesh, as it is 
tetmed. This fluid is contained either in peculiar minute vessels 
or in the cells of the cellular tissue, and when the flesh is finely 
chopped and pressed, the juice is obtained, more or less mixed 
with blood. The best method is to mix the chopped flesh with 
water, to squeeze out the mass, and to repeat this process if neces- 
sary. In tins way, the juice of flesh is obtained in a somewhat 
dilated state, and, as already stated, not free from blood. 

This fluid has recently been studied by Liebig (Researches on 
tbe Chemistry of Food*) with very interesting results. It is 
uniformly anci strongly acid, and the acids present are lactic acid 
in large quantity, phosphoric acid, a new azotized acid, inosinic 
add, and in smaller quantity some other organic acids, not yet 
examined. No sulphuric acid is present, save a trace from the 

• London : Tsylor 6l Walton. 1847. 
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blood. The bases are potasb in large proportion, both as phos- 
phate, lactate, inosinate, &c., and as chloride of potassium ; sodft 
in much smaller quantity, chiefly as chloride of sodium, (and prob- 
ably derived from the blood, at least for the most part): magnesia ; 
lime ; the latter in much smaller proportion ; and Kreatmine. The 
juice contains, besides, albumen dissolved, which is coagulated by 
heat and amounts to from 2 to 3 per cent, of the weight of flesh* 
The insoluble residue of fibrine, <kc., amounts when dry to 17 or 
1 8 per cent., so that the average composition of flesh will be nearly 
as follows: 

Water -78 

Fibrine, vessels, nerves, cells, &c. ... 17 

Soluble ^ -AJ*>uinen M 

m tte i ^^^^^ ^°^ bases, organic and inorganic, chlorides, 

matier ^ ^^^ kreatine 2*6 

100-0 

It is obvious, that in order to study with success the soluble 
matters not coagulated by heat, we must operate on large quan- 
tities of flesh, since, for example, 10 lbs. of flesh will not yield 
more than 4 oz. of these substances, among which are five or six 
acids, and as many bases, besides chlorides and kreatine. Thus, 
from 10 lbs. of beef, only about 50 grains of kreatine can be 
obtained, 

Kreatine — This substance was first noticed by Chevreuil in the 
soup or extract of meat, but as he obtained it in very small 
quantity, and other chemists did not succeed in procuring it, ito 
composition was unknown, and its existence was even doubted, at 
an ingredient of flesh, Berzelius having sug^sted that it might 
be an accidental product of decomposition. Liebig showed that It 
is always present in all kinds of flesh, at least in all those tried by 
him, namely, in the flesh of the horse, ox» ox-heart, sheep, pig, 
calf, roe-deer, hare, marten, red-deer, fox, fowl, and pike. 8chlo8S- 
berger had shortly before obtained a trace of it from the flesh of 
an alligator, although too little for analysis, and I have since found 
it in the flesh of pigeon, skate, cod and haddock. Liebig observed 
that when the juice containing it is evaporated, the kreatine is des- 
troyed or rendered uncrystallizable by the free acid. By neutral- 
izing, therefore, the juice obtained as above mentioned, (after heating 
it so as to coagulate the albumen, and separating the coagulated 
albumen by filtration), with baryta water, and evaporating to the 
consistence of syrup at 130^ or 140°, he obtained the kreatine in 
quantity amply sufficient to allow him to study its composition and 
characters. The following table contains his results and my own 
in regard to the preparation of kreatine obtained from several 
kinds of flesh. It will be seen that in all it is small, varying from 
0-607 to 3-21 per 1000. 
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Fowl yields the largest proportion, but kreatine is obtained 
tnnch more cheaply from cod. I find that the chopped cod, well 
mixed with little more than its weight of water, and pressed out, 
yields a fluid, which, when neutralized (after the coagulation of 
the albumen) by baryta, filtered, to separate the phosphate of 
baryta, and gently eyaporated, till, on cooling, it forms a thin jelly, 
deposits, on standing, kreatine, in large crystals, nearly pure. In 
one experiment, 25 lbs. of cod yielded 164 grains ; in another, 30 
lbs. yielded 356 grains. The crystals, by one recrystallization 
from 6 or 7 parts of boiling water, are rendered quite pure. The 
kreatine obtained from haddock was less pure than that from 
•kate or cod, and was evidently mixed with a less soluble matter, 
the nature of which I have not had time as yet to ascertain. 

Kreatine forms brilliant hard prismatic crystals, efflorescing at 
812^, very soluble in hot water, less so in cold water, sparingly 
•ohible in alcohol. It is neutral, and its formula is Cs Na Nn Of 
■B Ot Na Ho O4 + 2 H 0. By the action of acids, kreatine is re- 
solyed into the new base, kreatinine and water; and by that of bases, 
into the new base sarcosine, and urea, as already explained. 

Kreatine has been discovered, along with kreatinine, in urine. 
Pettenkofer obtained, by the addition of chloride of zinc to a con- 
centrated extract of urine, a crystalline precipitate, containing 
chloride of zinc and an organic matter, the composition of which 
he found to be Ct Na Hs O3. Liebig has proved that this sub- 
stance is resolved, by the action of alcohol, into kreatine, Ct Na 
Hii Oa, and kreatinine, Ct Na Ht Oa, and that it was, in fact, as 
analyzed by Pettenkofer, a mixture of those substances, in the 
proportion of 3 eq. of the latter to 1 of the former. The original 
crystals of Pettenkofer were a mixture of free kreatine, with a 
compound of chloride of zinc with kreatinine. 

The addition of chloride of zinc to the mother liquid which has 
deposited the kreatine from the juice of flesh, yields the compound 
of Pettenkofer, so that kreatinine exists ready formed in the juice 
of flesh. 

Lactic Acid, — This acid, as an ingredient of the juice of flesh, 
b yery interesting ; and it is remarkable that Liebig, who demon- 

22 
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strated its absence in normal urine, (in which, according to Ci^ 
and Heury, it exists in combination with urea,) should have bocn 
the person who detected it in flesh. It is present in large quantity, 
and occurs as abundantly in the flesh of carnivorous as in that of 
herbivorous animals. Its origin and formation in the former is 
not yet explained, and is a problem of much interest. 

The presence of lactic acid in the juice of flesh is also import- 
ant, as readily accounting for its presence in the gastric juice, 
which, as we have seen, is also acid. The lactic acid in the juice 
of flesh is obviously consumed in respiration, as will be explained 
hereafter. 

Inosinic Acid. — This acid has been little studied. Its formula 
is Cio Ns Ha Oio, H 0, and it forms, with baryta, a salt whidi 
crystallizes in silvery scales. 

Phosphoric Acid, — This acid exists in large proportion in the 
juice of flesh, in the form of acid tribasic phosphate of potash, 

POs IottqI s sslt which is always produced when phosphoric 

acid is made to act on chloride of potassium or salts of potash. 
This salt is strongly acid, and chiefly contributes to tlie acidity of 
the juice. 

It is most important and worthy of remark, that the blood 
which is separated from the juice of flesh only by the finest mem- 
branes, cell walls, or parietes of vessels, is invariably alkaline, 

containing the common phosphate of soda, ^ ^^ '] u O v 

a salt which is always formed when phosphoric acid aots 
on chloride of sodium or salts of soda, and which is strongly 
alcaline. 

Here we observe, first, that while soda is essential to blood, 
potash is equally essential to the juice of flesh ; secondly, that In 
these two fluids, soda and potash cannot, as in so many other 
cases they can, replace each other ; thirdly, that by this arnuiffe- 
ment, an acid and an alcaline fluid are constantly in close vicim^ 
to each other, separated only by membrane, at all parts of the 
body; fourthly, that being at the same time in contact with muscle 
and nerve, the conditions of electric currents are present ; wliSe 
such currents, as is known, have recently been proved by Matteaoet 
to exist. Lastly, that animals cannoi form blood, unless thdr 
food contain, along with phosphates, salts of soda, or at least chlo- 
ride of sodium, so that when they are fed on the land plants of 
certain soils, in which sodium is nearly absent, common salt must 
be given to them. 

The function of the phosphate of magnesia, which occurs in 
large quantity in the juice of flesh, is not yet even conjectured ; 
but it cannot be doubted that all the substances present, organio 
as well as inorganic, have each a special part to perform* 
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The chief use of the saliva is to assist in digestion, whether hy 
-itself containing animal matter in a state of change, or by its 
remarkable power of inclosing and retaining bubbles of air, the 
oxygen of which commences the change necessary to digestion, on 
eommg in contact with the food or the stomach and gastric juice. 
To serve this purpose, the saliva has a very great degree of vis- 
cidity, so that it froths up easily, and the froth does not fall readily. 
It is alcaline, and contains hardly more than 1 or 2 per cent, of 
solid matter, partly mucus, partly the usual salts, partly a peculiar 
soluble matter, pty aline. The salts of the saliva are the chlorides 
of potassium, sodium, and calcium, some potash, and soda, with a 
large proportion of bone earth. It appears also to contain a trace 
of sulphocyanide of potassium : at least it reddens with persalis 
of iron ; and although acetates do this, there is some reason to 
ascribe the effect here to sulphocyanides. 

The pancreatic juice resembles saliva, but appears to be slightly 
add, and contains 8 or 9 per cent, of solid matter, including ptya- 
line and a matter like caseine. This juice is added to the chyme 
in its passage through the duodenum, along with the bile and 
intestinal mucus. 

EXCBEKERTS. 

Uirine. — The chyme, after receiving the pancreatic juice, the 
bile, and mucus, passes along the intestine, where the absorbents 
or lacteals take up the fluid part, leaving the insoluble portions. 
The chyle or absorbed fluid is partly conveyed into the abdominal 
veins, and partly made to pass through numerous glands (in which 
process it loses its acid reaction, becoming alcaline), from which it 
proceeds to the thoracic duct, and is tlien, with the lymph, poured 
into the vena cava to mix with the venous blood. 

In the meantime, the insoluble parts of the chyme are rejected, 
and accumulate in the large intestines, various gases being disen* 
gaged, such as carbonic acid, hydrogen, carburetted hydrogen, 
nitrogen, and sulphuretted hydrogen. 

The solid excrements of man contain very little matter soluble 
in water, and consist of woody fibre, witn fatty, resinous, and 
waxy substances, and finally the insoluble salts of the food, namely, 
phosphates of lime and magnesia, with traces of soluble salts, and 
some silica. 

The urine of man contains urea and uric acid, also hippuric acid» 
kreatine and kreatinine, and other organic compounds very imper- 
fectly known. Its acid reaction, according to Liebig, depends on 
the uict that phosphate of soda dissolves uric and hippuric acids, 
formln^^ an acid solution. If 40 grains of dry phosphate of soda 

P Os j|j ^ > 16 grains of uric acid, and 16 grains of hippurio 
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acid, be dissolyed in 1 lb. of hot water, a solution is formed wbidi 
on cooling deposits 74 grains of uric acid, and the remaining Ua- 
uid forms an artificial urine, which, like the natural, is acid. It 
contains also phosphoric acid, magnesia, often ammonia, soda, 
phosphate of soda, common salt, sulphuric acid, or sulphate of 
soda, in short, the soluble salts of the food, alons with sulphuric 
acid formed by the oxidation of the sulphur of the tissues. The 
addition of ammonia to urine causes a precipitate of phosphate of 
lime. 

Fresh urine, filtered (to separate mucus) into a perfectly dean 
vessel, keeps unchanged for weeks or even months ; but if in con- 
tact with decomposing animal matter, the urea is speedily trans- 
formed, by putrefaction, into carbonate of ammonia, while phos- 
phate of hme is precipitated, the urine becoming strongly alcaline. 

The urine of the herbivora contains much uric acid, also hip- 
puric acid ; that of the camivora contains more urea, and it 
strongly acid : uric acid predominates very greatly in the urine of 
birds, and that of reptiles is nearly pure acid urate of ammonia. 

When benzoic acia is administered intemaUy, it appears in the 
urine as hippuric acid, which latter acid is generally present in 
small quantity in urine. The acid reaction of human urine is not 
owing to lactic acid, as was formerly supposed, but to free urio 
acid dissolved by the phosphate of soda. The urine is sometimes 
neutral, and always becomes alcaline, when the food contains salts 
of potash or soda with organic acids, because, the acids being oxid- 
ized in the body, yield carbonates of the alcalies. It b evideol» 
therefore, that by attention to diet, the urine may be brought into 
any desired condition. 

When water, or a very weak saline solution, is taken into tke 
stomach in large quantities, it is rapidly absorbed by endosmOsSs, 
and the urine becomes more and more diluted, till at last it resem- 
bles the water that has been taken. But if a solution containing 
as much saline matter as the blood, or a little more, is taken inio 
the stomach, it is not absorbed, and the stomach becomes so 
loaded that the experiment cannot be continued. If, again, (he 
solution be much strons^er, the water of the blood passes outward 
by ezosmosis, and produces diarrhoea. This explains the pnrffa- 
tive action of neutral salts, which is well exemphfied by sprmklmg 
salt on a portion of fresh membrane such as bladder, or on meat, 
both of which yield water and are soon swimming in brine. 

The salts of the urine and of the excrements, being derived 
directly from the food, vary according; to its nature, the soluble 
inorganic salts of the food being found in the urine, the insoluUe 
salts in the excrements. Thus the ashes of the food of the car- 
nivora contain no carbonates, but are rich in phosphates, and such 
also is the case with the salts (or ashes) of their excreta, liquid or 
solid. In fact, if we know the nature and composition of the ashes 
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of the food, we can tell at once the salts of the urine. In an adult 
mnimal, the quantity of salts excreted is precisely equal to that 
ooiftained in the ingesta, and, therefore, by altering the food, we 
can alter at pleasure the nature of the salts in the urine. 

As an example, we may here adduce the case of the horse, 
which animal consumes, in his food, a certain quantity of minerid 
snbstances, derived ultimately from the soil : 

THE HORSE 



Oonsnmes of Mineral Snbstanoes. | Excretef of Mineral Substanoes. 


OZ. 

In 15 lbs. of hay, 18-61 ) 

In 4-54 lbs. of oats, 2 46 } 21-49 

In water, 0*42 ) 


oz. 
In the urine 3*51 ) n, .q. 
In the feces 1836 S 



The above result is one obtained by actual and very careful 
experiment, and the nature of the salts is found to be the same, 
at indeed must obviously be the case, as long as the animal does 
not change its weight. A growing animal will retain the phos- 
phates in part to aid in forming bone, and an old or wasting animal 
will nve out more salts than are taken in. 

It IS obvious that analyses of urine or excrement are unneces- 
sary, if we can examine the food ; and that in general, they must 
be useless, since we can never expect the same result twice, unless 
where the food is not varied. 

The excrements, according to Liebig, represent the incombusti- 
ble and unbumed, or partially burned ingredients of the food, 
and if we view the body as a furnace in which the animal heat is 
produced by the oxidation or combustion of the food, they corres* 
pcmd to the soot and ashes of a common fire. That they contain 
partially oxidized matter is proved by the fact, recently observed 
Dy Liebig, that the albuminous compounds, when partially oxidized 
by fusion with potash, yield, on the subsequent addition of an 
acid, volatile matters, possessing, according to the albuminous 
substance employed, the peculiar odors which characterize the 
teces. 

Ouano, so highly prized as a manure, is the decayed excrement 
of sea- fowls, which was originally, like that of reptiles, and indeed 
also of birds in general, mixed urine and faeces, the urine being 
solid or semi-solid, and consisting of urate of ammonia. It varies 
much in the proportions of its ingredients, both because the origi- 
nal excrement must have varied according to the food of the birds in 
different places, and also because some specimens have not been 
so long exposed to air and moisture as others, and some are almost 
firesh. Thus some guano contains upward of 30 per cent, of uric 
acid, while in other specimens hardly a trace of tnat acid is left. 
The better qualities of guano contain much ammonia, partly free, 
or at carbonate, as proved by its odor, partly combined, as sal 
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ammoniao, oxalate, urate, and* phosphate of ammonia and Biag<^ 
nesia. They also contain phosphate of soda and much phosphato 
of lime, the latter being derived from the bones of the fish on 
which the birds fed. There are also found sulphate of potash and 
soda, and oxalate of lime, in guano. The remainder is water, and 
a brown matter like humus. 

It is easy to see that cruano must act chiefly as a source of 
ammonia and earthy and alcaline phosphates, so valuable to grow- 
ing plants, especially to those cultivated for food, and that its 
value depends very much on the amount of phosphates it contains. 
But while the value of guano is unquestionable, let us not overlook 
the fact, that while we are ransacking the most remote islands lor 
guano, that substance supplies us with nothing but the mineral salts 
and the ammonia which have formed crops of vegetables and 
races of animals at some former period, and that it differs in 
no essential point from the fresh or modem excreta of man and 
animals nearer home, which excreta, at least those of man, the 
most valuable of all, we allow to be carried into the sea in quanti- 
ties which may be measured by the food we consume. In faet 
we take out of the sea, in the shape of guano, only part of what 
we throw into it in the contents of our common sewers. These 
valuable matters, instead of beins carefully collected and preserved* 
as in China, are sent to form the food of sea-plants : on these 
plants animals feed, which animals serve as food to fish. The fish 
are consumed by sea-fowl, and we recover in their excrement a 
part of what we are throwing away. Another part of what we 
lose we recover in this country, at a great expense, in the shape of 
bone earth, which, however, ipust be taken from other countries. 
We shall return to this subject : meanwhile, let us express a hope 
that Europe will at length follow generally, as in some distridi 
it has done, the rational example set by the eminently practicsl 
Chinese, of restoring to the soil, as nearly as possible, in the shape 
of excreta, what we take from it in our crops and cattle, and thvs 
keeping up its fertility. 

URINABT CALCUU. 

These are of various kinds, according to the peculiar condidoB 
of the urine. 

Uric acid calculus is the most frequent, being the usual deposit 
when the urine is acid. Its origin as a calculus, or deposit, that is» 
in abnormal quantity, is owing to deficient aeration, much oxygen 
being required to resolve it into soluble compounds, such as urea, 
carbonate of ammonia, or even oxalic acid. Hence sedentarr 
habits, highly carbonized food, and indulgence in strong wine, att 
favor its production ; the first by diminishing the supply of oxygen, 
the two latter causes by seizing on the oxygen to the exclusion of 
the uric acid. It is easily reoqgniaed by the aetioa of poUsW 
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wlocli dissolves it, and forma a solution from whicb acids precipi- 
tate uric acid ; or by nitric acid, which dissolves it with efferves- 
cence, and yields, on evaporation of the solution, a deep red 
stain, becoming purple with potash. Uric acid calculus is com- 
monly tiDged more or less red or brown. When pure it is entirely 
dissipated before the blowpipe. 

Urate of ammonia also occurs, and is distinguished from uric 
add by disengaging ammoftia when dissolved in potash. 

Phosphate of lime is very frequent when the urine is neutral 
or alcaline. It is white and earthy, soluble in nitric acid, and 
precipitated by ammonia. It is fixed in the fire. 

Phosphate of ammonia and magnesia is also pretty frequent 
It dissolves easily in acetic acid, and when heated gives ofif ammo- 
nia, leaving a solid mass, soluble in acids. 

Fusible calculus is a mixture of the two preceding. It melts 
readily before the blowpipe. 

Oxalate of lime constitutes the mulberry calculus, and often 
appears as minute crystals in the urine. When heated, it leaves 
carbonate of lime ; or if heated in a tube with oil of vitriol, it 

{iyes ofif carbonic oxide. It dissolves in acids, and is precipitated 
J alcalies. 
Carbonate of lime occasionally, but very rarely, constitutes a 
Viinary calculus, easily recognized by the action of hydrochloric 
acid, which dissolves it with effervescence, and by a red heat» 
which leaves quicklime. * 

Chrstic oxide or cystine, and xanthic oxide, are very rare calculi. 
Their characters and composition have been given under Uric 
AM. 

LTMPH. 

This fluid may be looked on as blood devoid of its coloring mat- 
ter. When drawn from the vessels, it coagulates like blood, from 
the separation of fibrine ; and the liquid in which the coagulum 
has formed itself, coas^lates, when heated, like the serum of the 
blood. Human lymph contains about 96 per cent, of water, and 
▼ariable proportions of albumen, fibrine, and salts, the salts 
amounting to nearly 2 per cent. 

BLOOD. 

This important fluid, from which the whole animal body is 
formed, and by which it is supplied and nourished, is a thick, 
somewhat viscid, alcaline liquid, of a slight saline taste, and a 
peculiar faint odor. It is deep red and opaque, and has a density 
rf 10627 to 1-067. 

It is made up of an immense number of globules or flattened 
disks, floating in a limpid yellowish fluid. When drawn, it soon 
foagulates, forming a trembling jelly» which gradually contractSt 
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expressing a yellowish liquid, the serum, which is occasionAlly 
turbid, and is always alcaline to test paper, and saline to the 
taste. 

The coagulation consists in the separation of the fibrine pre- 
viously dissolved, which, owing to some unknown cause, assumes 
the insoluble state, forming a fine network or jelly, in which the 
globules are inclosed. If the blood be beaten with a rod, the 
fibrine separates perfectly and adheres to the rod ; but it is in the 
form of white filaments, and the globules remain suspended in the 
serum, no jelly whatever being formed in this case. Or if the 
fresh blood be mixed with 8 times its bulk of solution of sulphate 
of soda, no coagulum is formed, the fibrine remains dissolved, and 
a sediment is deposited which contains the globules unaltered. 

The red globtdes thus prepared may be collected in a filter. 
Pure water added to them, or to the coagulum of blood, rapidly 
alters their form, and in fact dissolves them into an opaque liquid. 
This action of water is thus explained : the globules are formed 
of a thin, colorless, and transparent coat, inclosing a very soluble 
coloring matter. They float in a saline liquid, in which there is 
equilibrium between the contents of the c^lobules and the fluid 
surrounding them. But when the latter is diluted with water, 
the equilibrium is disturbed, and endosmosis takes place, by 
which the contents of the globules acquire so greatly increased a 
volume, that the globules burst and their contents are dissolved in 
the water. The torn membranes of the globules may be detected 
by the microscope. 

In saline solutions, the globules do not absorb water any more 
than in the serum. When collected in a filter, the globules form a 
red mass of the consistence of honey, consisting of fibrine and 
albumen, the latter in combination with the coloring matter.- In 
a concentrated solution of chloride of calcium, the globules lose 
water by exosmosis, and contract in volume. If now placed m 
pure water, the globules again swell, and burst, forming a jelly 
which dissolves m water. The solution, on standing, deposits 
fibrine in white membraneous masses, and the supernatant liquid, 
when boiled, is coagulated, indicating the presence of albumen. 

The coloring maUer of the blood is contained in the globules in 
combination with albumen, but is unknown in a state of purity. 
The compound of albumen and coloring matter is of a deep red 
color, becoming bright in contact with air or oxygen, and being 
rendered nearly black by carbonic and sulphurous acids, sulphur- 
etted hydrogen and sulphides. Protoxide of nitrogen gives it a 
purple color. 

The red compound gives 2 per cent, of ashes, of which ^ is 
peroxide of iron ; and iron is uniformly present in red blood, which 
18 the only animal product in which it occurs. This iron cannot 
be detected m the globules or their contents by the usnal tests, bnl 
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after passing chlorine through the red solution till the color is 
destroyed, the iron may he detected hy ferrocyanide of potassium. 
When the red compound of albumen and coloring matter above 
mentioned is moistened with oil of vitriol, so gradually as not to 
become warm, a pasty mass is obtained, which attracts moisture 
from the air and forms a red jelly. If this be very gradually rub- 
bed up with pure water, it contracts into a dark red matter, which 
is surrounded with a colorless or yellowish liquid. This liquid is 
found to contain all the iron, and the dark matter, when calcined, 
leaves a white ash entirely free from iron, if the operation has 
been well performed. I have repeated this interesting experiment, 
first devised, I believe, by Sanson, which proves that, although the 
xed compound contains iron, yet the color does not necessarily 
depend on that metal ; for the color is altogether uninjured by the 
oomplete removal of the iron just described, although the color- 

S; matter actually obtained in this experiment is not the original 
oring matter .of the blood, but modified. 

The kematosine of Lecanu is also a product of decomposition. 
It is prepared by means of diluted sulphuric acid, alcohol, and 
ammonia, by a tedious process. It is dark brown, and forms red 
solutions with the alcalies, being insoluble in water, alcohol, and 
ether. It contains part of the iron of the blood, but as some kinds 
oi bematosine contain :^ or ^ more iron than others, while its 
properties continue the same, it is obvious chat the iron does not 
contribute essentially to those properties, such as the color. Hem- 
atosine contains 6 to 8 per cent, of iron. 

But the iron serves an important purpose in the blood ; and we 
bave reason to think that it is present in the form of oxide, for 
sulphuretted hydrogen and soluble sulphides cause the blood to 
become first green and then black, owing to the formation of sul- 
phide of iron — a character indicating either the oxide or some 
eorresponding compound, and not a compound like ferrocyanogen, 
in which the sulphides cannot detect the iron. Moreover, we 
aae that oil of vitriol dissolves out oxide of iron ; and although 
alcalies and ferrocyanide of potassium do not detect it, this is 
owing to the blood being an alcaline liquid, and to the presence of 
80 much animal matter. 

It is from the blood that are formed the tissues, the cells, mus- 
cular fibre, nervous matter, &c., &c. ; and we may, therefore, 
expect to find some relation between their composition and that of 
the blood. In fact, flesh, or muscular fibre, as it exists in the 
body, including vessels, nerves, fat, dtic, has exactly the same 
composition as the blood has on an average of venous and arterial, 
or a mixture of both. We may, therefore, look on muscular fibre, 
or animal flesh, as simply blood more highly organized. 

In addition to the substances mentioned above, namely, albu- 
, fibrine, coloring matter, and salts, blood also contains fat. 
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apparently cholesterine, along with fatty acids and a peculiar (at, 
called seroline. 

' The normal proportions of serum and clot are 87 per cent, of 
«erum to 13 of clot. 1000 parts of human blood contain 869*16 
of serum, of which 790-37 are water, 67*8 albumen, and 10*98 
are salts and fatty matter: along with 130-85 of clot, containing 
125*63 albumen and fibrine of the globules, and 2-27 hematosine, 
(a little fatty matter and traces of salts being present in all three )» 
also 2*95 of ti brine, separate from the globules. 

Venous blood contains more water and fewer globules than 
arterial blood. 

The blood contains gases, chiefly carbonic acid and nitrogen, 
which it gives off in vacuo, or in a current of hydrogen. It is said 
to contain free oxygen, but this seems very improbable, when we 
reflect that fibrine absorbs oxygen, transforming it into carbonic 
acid, and that blood is instantly altered by contact with oxygen. 
The change from venous to arterial blood, from dark to florid, 
depends on the presence of oxygen, but also requires the presence 
of a saline solution. Indeed, a similar change of color takes place 
in vacuo if the clot of venous blood be there covered with a pretty 
strong solution of various salts. 

One chief function of the blood is, after conveying oxygen 

to all parts of the system, to carry to the lungs, there to be 

exhaled, the carbonic acid formed in the extreme vessels. For 

this purpose it is admirably adapted, from the fact that it is alca- 

line, and that its alcalinity depends on the phosphate of soda, 

( 2 Na ) 
POsJTTQ [a salt, the solution of which absorbs carbonic 

acid better than a solution of carbonate, and, when in contact with 
air or oxygen, gives off the whole of U, whereas a carbonate, if it 
absorbed as much, would give up only half of the quantity 
absorbed. This important property of phosphate of soda has 
recently been demonstrated by Liebig ; and we can now see why 
potash cannot replace soda in the blood, since the tendency of 

potash is to form an acid phosphate, POs Ioitq f Liebig and 

Enderlin have also proved that the blood does not, as had been 
asserted, contain carbonate of soda. 

THB NUTRITION OF PLANTS AND ANIMALS. 

The animal and vegetable kingdoms of nature are connected 
together in a beautiful system of mutual dependence, exhibiting 
a perpetual circulation of certain elements through both, the 
mineral kingdom being the point of departure and that also 
where the circulation terminates, to recommence unceasingly. 

Plants derive their nourishment exclusively from the mineral 
world. It is clear that the first plants must have done so ; and 
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although the decaying remains of former plants now contribute to 
vegetation, we shall see that they do so under mineral forms, and 
Bot essentially ; they promote vegetation, but are not indisjHfiisable 
to it 

The mineral food of plants, then, consists of carbonic acid, water, 
md ammonia, all of wnich are obtained from the atmospherf^, and 
of sulphur (sulphuric acid,) phosphorus (phosphoric acid,) alcalies, 
earths, salt**, and metals, all derived from the soil. Without the 
aid of the matters derived from the soil, the most abundant supply 
of carbonic acid, water, and ammonia, is of no use. But if a soil 
contain these necessary substances, plants will thrive in it, even if 
they have no carbonic acid nor ammonia furnished in the shape of 
manure beyond the usual atmospheric supply, provided time be (jiven, 

Dunng germination — a process which goes on best in the dark — 
oxygen is absorbed, and carbonic acid given out. Heat is also gen- 
erated. It cannot be doubted that a veiy essential part is performed 
also by endoamoisis^ that is, the tendency of water or of weak saline 
solutions to pass through a membrane or cell-wall, on the other side 
of which is a strong saline or saccharine solution. By this means, 
the first supply of water penetrates the cell-walls of the seed and its 
embryo, and there forms a strong solution; for the presence of 
moisture and oxygen induces putrefaction of a portion of the albu- 
minous matter always present in the cells ; this putrescent matter 
becomes a ferment, and conveils the insoluble starch, stored up in 
the cells, into soluble sugar, as happens in an infusion of malt. 
But it likewise renders soluble the whole remaining albuminous 
matter, as happens when fibrine is left under water. Thus the cells 
become filled with a strong solution of sugar, albumen (fibrine or 
oaseine) and salts, and now endosmosis rapidly goes on. The cells 
become distended, and those of the embryo are developed accord- 
ing to the vital law impressed on them at their formation, producing 
leaves by a consUmt formation of new cells. Such is the result of 
gennination ; but it must be noticed that already certain new com- 
pounds appear, apparently formed in the cells out of the carbonic 
acid, water, and ammonia supplied from the atmosphere either 
directly to the first leaves, or indirectly, through the water perco- 
lating the soil, to the cells of the radical fibrils, along with phos- 
phates, alcalies, and common salt. 

Here first comes into play that amazing chemical force, by which, 
in the vegetable cell, carbonic acid is decomposed, and its oxygen 
given out; while water, ammonia, and the mineral salts are all 
rendered available. This demands the aid of liiifht, but, as already 
mentioned, even in germination, and in plants which are etiolated or 
grown in the dark, ceitain new compounds have been fonn^i!, such 
as occur under the influence of light also. Whether these are 
Ibrmed in the same way without Jis with lii^ht^ is not kii(»wn with 
certainty, but as in the dark oxygen is absorbed, not given out^ we 
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may suppose that they are produced in germination by a process of 
putrefaction or destruction of more complex molecules, such as those 
of albumen. The substances here alluded to are certain vegetable 
acids, found in the juices of germinating seeds and etiolated planum 
and especially malic acid and malamide or asparagine, formed from 
malate of ammonia by the loss of water. This body is very abun- 
dant in etiolated plants, such as asparagus and vetches grown in the 
dark ; it is also found naturally in Althaia officinalis. Now we may 
suppose malic acid to be formed by the decomposition of albumen, 
along with ammonia, by a kind of fermentation, so long as light is 
absent ; or it may be formed from the sugar by oxidation, a process 
active in germination. Thus 2 eqs. of dry grape-sugar, C^ Hs4 Of^, 
with 12 eqs. of oxygen, may yield 3 eqs. of hydrated malic acid, 
3 (Cg Hfl 0,o) = C|4 H,8 0,o» sii^ 6 eqs. of water. The malic acid thus 
formed, in contact with ammonia, derived from the atmosphere or from 
albumen, will yield malamide (asparagine). Cg H4 Og, 2 N H4 O = 

Mdateef 

2 H O 4- Cg N, H,o Og. 



Mdbmid*. 

As soon as light, however, comes into play, the true vegetative 
process begins : carbonic acid is decomposed and oxygen given out> 
and the carbon of the carbonic acid, with varying proportions of 
oxygen and hydrogen from water, of nitrogen from ammonia, and 
of sulphur from sulphuric acid, produces with the aid of phosphates, 
alcalies, and salts, in the vegetable cell, all the vast variety of vege- 
table products. It is here that the prodigious chemical power of 
the vegetable cell comes into play, and this is so great, that it is 
able to pcrfoim, gradually, at the ordinary temperature, what the 
most powerful agencies of heat and electricity cannot do in the 
laboratory, namely, to decompose carbonic acid, setting free its acy- 
pen. But we are not to suppose that the carbonic acid is totally 
decomposed into carbon and oxygen, and that the carbon, thus set 
free, combines with hydrogen, oxygen, nitrogen, dec, to yield vege- 
table products, for the insolubility of carbon would prevent this. Of 
a number of associated molecules of carbonic acid, some lose part 
of their oxygen, and the residue of these, with the remaining car- 
bonic acid and water, <kc., enters, at the moment of separation, into 
new forms of combination. It is, therefore, necessary to consider 
the eft'ect of vegetation as it is manifested, first, on carbonic acid 
and water together ; sccoudly, on these, with the addition of ammo- 
nia ; and lastly, on all these, with the aid of sulphuric acid. The 
first yields the non-nitrogenous compounds ; the second, the nitro- 
genised compounds ; and the third, those which contain both nitro- 
gen and sulphur. 

Even when carbonic acid and water are brought together in the 
cell, this is not enough. There must be present, first, albuminous 
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matter, without which no active cell can exist ; secondly, mineral 
matter, especially alcalies, phosphates, and salts. All these condi- 
tions being fulfilled, and light being admitted, we may suppose the 
first organic acid formed to be oxalic acid, the least complex of all. 
Crystallised oxalic acid is C4 Hg 0„ = C4 Og, 2 H O + 4 aq. Now 
this is evidently formed from 4 eqs. of carbonic acid, C4 Oa, 
and 6 eqs. of water, 6 H O, together C4 H5 0,4, by the separation 
of 2 eqs. of oxygen. And this, which is performed with ease in the 
Tegetable cell, we cannot do in the laboratory, although we can pro- 
dace oxalic acid from more complex organic products, such as sugar, 
starch, and many others. It is found abundantly in plants of the 
genera Rumex^ Blieum, Oxalis, Sedum, Sempervivum^ in many 
ncbens and others. The reader will observe that in the crystallised 
acid, 4 eqs. of water are merely water of crystallisation, and that 
the driest oxalic acid is only C4 H, Og or C4 Og, 2 HO, the 2 eqs. of 
water being basic. Of course we may leave out 4 eqs. of water of 
crystallisation, and suppose dry oxalic acid to be derived from 4 eqs. 
of carbonic acid and 2 of water, = C4 H, 0,o, by the separation of 
2 eqs. of oxygen as before. 

Let us now ascend a step higher in the organic scale ; to the 
formation, namely, of malic acid, which is more complex than 
oxalic acid. Now this acid may be formed, either from oxalic acid 
Itself, or like oxalic acid, from carbonic acid and water, but in both 
cases by the separation of oxygen. In the former case, 2 eqs. of 
crystallised oxahc acid, 2 (0 fiQ 0,s) = Cg H,s On, by losing 6 eqs. 
of water and 8 eqs. of oxygen, yield .Cg Hg 0,o = Cg H4 Og, 2 H O, 
or hydrated malic acid, which is bibasic. Or again, 2 eqs. of dry 
oxalic acid, 2 (C4 Hg Og) = Cg H4 0,«, taking up 2 eqs. of water, 
and losing 8 eqs. of oxygen, yield Cg Ug 0,0, or hydrated malic acid. 
In the latter case, 8 eqs. of carbonic acid and 6 of water, together 
Cg Hg On, losing 12 of oxygen, yield Cg Hg 0,o, or hydrated malic 
acid. 

Tartaric and citric acids are easily shown to be producible in the 
same way. 2 eqs. of dry oxalic acid and 2 of water, together Cg 
H« 0,g, losing 6 of oxygen, yield Cg Hg 0,| = Cg H4 0,o, 2 H O, 
hydrated tartaric acid. Or, 8 eqs. of carbonic acid and 6 of water, 
t<^ether Cg Hg O,^ losing 10 of oxygen, give Cg Hg 0,t, hydrated 
tartaric acid. Again, 3 eqs. of dry oxalic acid and 2 of water, 
together C,| Hg Ogg, losing 12 of oxygen, yield C,| Hg 0,4 = C,, Hg 
0||, 3 H O, or hydrated citric acid, which is tribasic. Or 12 eqs. 
C 0|, plus 8 H O, together C,, Hg 0„, losing 18 of oxygen, give 
C|| Hg 0,4, or hydrated citric acid. 

In like manner, every vegetable acid, and every one of the neutral 
compounds of carbon, hydrogen, and oxygen, may be derived, first, 
from some less complex acid or neutral compound, containing more 
hydrogen than iti*elf ; secondly, from a certain proportion of carbonic 
acid, to be determined by the number of eqs. of carbon in the com- 
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pound, and of water ; oxygen, in all cases, being given off. As the 
proportion of oxygen to carbon and hydrogen diminishes, the acids 
become weaker, till the oxygen exactly suffices to form water with 
the hydrogen, when we have either very feeble acids, or neutral 
bodies, such as sugar, gum, and starch. As the oxygen is still 
further diminished, we have neutral, bitter, and acrid compounds, or 
.colored bodies, or such as yield coloring matters, with ammonia and 
oxygen : further on still, we have aromatic oils and volatile ouasi- 
resinous crystallisable acids; then resins; and lastly, when all the 
oxygen is expelled, certain oils, which are carbohydrogens. The fol- 
lowing tabular view will furnish a comparative statement of the 
amount of carbonic acid and water required, and of oxygen given 
off, on the supposition that each compound is formed directly from 
carbonic acid and water. But, as we have seen, each may also be 
formed from any of those below it in the scale, that is more highly 
oxidised, as citric acid from oxalic acid, or sugar from citric acid. 
To illustrate this, if to citric acid, C,, H, 0,4, we add 6 eqs. of water, 
we have C|, H14 O^ and this, losing 6 eqs. of oxygen, yields Ch H14 
0(4, or crystallised glucose. In like manner, 3 eqs. of malic acid 
and 16 of water, losing 18 of oxygen, yield the same sugar; or 3 
eqs. of tartaric acid, with 10 of water, losing 18 of oxygen, like- 
wise yield grape-sugar. These are changes which occur every day 
in ripening fruits, and it is probable that sugar, starch, and other 
compounds are really formed in the plant, not directly from carbonic 
acid and water, as in the table, but from some intermediate com- 
pound, as sugar is here shown to be from the three acids just men- 
tioned. 



AeU Mtployad. WaUt added. Oiyfts MpuaUd. Oli 

Citric C|, HsOu + 6H0 0« = C„ H,* 0,4 

Malic 8(C, H4 0,4) + 16H0 O,, = 2 (C„ Hu 0,0 

Tartaric 8(C. H. 0„) + 10 H O 0»4 =2 (C„ H,4 0,4) 

But as these are merely intermediate steps in the whole process 
of deoxidation, by which sugar, starch, fat, oils, <kc, are formed 
from carbonic acid and water, and the final result is the same 
whether these bodies be formed directly or indirectly, we shall con- 
fine oui-selves, in the tabular view, to their direct formation from 
carbonic acid and water. 

TABULAR VIEW OP THE PRODUCTION' OP VEGETABLE COMPOUNDS 
FROM CARBONIC ACID AND WATER, BY DEOXIDATION. 

Group I. — Stronger Vegetable Acids soluble in Water. 

8«b«Uiic« formed. Ckitooic add WaIct 0>7t«i 

M»d. «Md. wtnatiAmia 

Name. Fomvls. la c^t. in t^c a t^*. 

OxrIic acid, dry C* H, O, 4 2 2 

OillicHcid C, H, O. 7 8 IS 

Tiutarioacid €• U« O^ 8 6 10 
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ftmMd. OulioBk add W»tar Owjftm 

OMd. OMd. MpanitM 

Vaam. Formal*. ia eq*. ia eq». la c^ 

XiUoaoia Cs H« Oio 8 6 12 

Aooniticacid 0„ H« 0„ 12 6 18 

CItrioacid C„ H. 0,4 12 8 18 

Meeonieacid C^ H4 Ou U 4 18 

Tumioacid 0^ He Om 54 22 96 

Kinieaeid €» U,, O^ 28 22 56 

The above arc all acids, and in all but kinic acid the oxygen ex- 
ceeds the hydrogen. Kinic acid is but a feeble acid. All other 
▼egetable acids of similar properties to the above belong to this 
group, but those here given are sufficient to characterise it 

Gboup II. — Indifferent Neutral Compounds, 

SabataaM fonnad. Carbonic acid Water Ox7S«B 

BMd. aaad. Mpaiated. 

Varna. Fomrala. in eqa. ia aq*. m a^ia. 

GellnloM OiaHioOio 12 10 24 

Btiroh C„HioOio 12 10 24 

Cule-sagBr C|, H„ On 12 11 24 

Gum C,aII„0„ 12 11 24 

Grape-Ra^ar, dry Ci, H,, Oi, 12 12 24 

Do. cryhtttla Cn Uu 0,4 12 14 24 

His important group contains, in every instance, hydrogen and 
oxygen in the proportion to form water, so that the whole of the 
oxygen of the carbonic acid, but not that of the water, has been 
separated. They may be viewed, theoretically, as formed of OMt- 
bon, j>/u« water; thus starch may be C,t 4- 10 H O. 

Gboup III. — Neutral Bodies^ chiefly Bitter^ Acrid^ Colored, or yielding 

Colors with Ammonia, 

Bakalaaea fimnad. Carboaifiaeid Water Otjfitn 

aaed. aa«d. Mnaiated. 

Vama. Formala. ia eqi. ia eq*. la eqa. 

Ifttinite C„HuOia 12 14 26 

Orcine Ch H, O4 14 8 82 

fimilacine C|8 Hu 0« 18 15 45 

MeooDine C^o Hio Oa 20 10 42 

Qnasfciine (%o H„ O, 20 12 46 

Feucedanine C^ Hia 0« 24 12 54 

SftUeine C^ H,. 0,4 86 18 66 

Antiarino 0^ Hm O^o 28 20 66 

Peetinc C„ H« 0,4 28 21 58 

Hmnatoxyli no (>n Uu 0„ 82 14 66 

Popniino (■4aH«0,« 40 22 86 

PUoridzine 04,11,40,0 42 24 88 

limoiiinc C4, H^ d, 42 25 96 

HeUenino C4, H„ O. 42 28 106 

Cnidne C„ H,4 Oi« 62 34 120 

Batorine Cm U^ 0,« 60 25 127 

In this group, which is a very numerous one, various kinds of 
compounds appear. Mannite closely approaches to su^ar; anti- 
arine and elaterine are acrid poisons ; salicine, phloridzme, popu- 
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line, and qaassiine, pure bitters ; pectine, a gelatinising substance ; 
hsematoxyline, a colored body ; orcine. forms a fine color with am- 
monia ; and others are indifferent. It has lately been shown that 
populine, from poplar bark, is related to salicine, from willow bark. 
It is salicine, in which 1 eq. of hydrogen is replaced by I eq. of 
benzoyle, C14 H^ O^ This is proved by the fact that it may be 
made to yield salicine and compounds of the benzoic series. The 
fact is most interesting, as showing that the law of substitution pre- 
vails among very complex compounds, and explaining how similar 
compounds may be formed. The above are only examples. In the 
whole, not only the oxygen of the carbonic acid, but also part of 
that of the water, has been separated, so that the hydrogen remain- 
ing exceeds the oxygen. 



Gboup IY. — Oxygenated Volatile Oils, and Aromatic Adds relate to 

them, 

SabateBM fonnad Ourbonle add W«Ur Oxjftm 

Med. VMd. Mpanted. 

ffaoM. Fomraliu la tqa. la aqa. m wit. 

Oil of bitter almonds Cu H« 0, 14 6 88 

BeDZoio Aoid Ch H« O4 14 6 80 

Oilofepirsea Cu H, O4 14 6 80 

Salicylic acid Cu H« 0« 14 6 S8 

Oil of anise Ci« Ha O4 16 8 88 

Anisic acid C|« Hs 0« 16 8 84 

Cumarine Cig H4 O4 18 4 86 

Cumario acid Ci« H4 0« 18 4 84 

Oil of cinnamon C,8 Ha O, 18 8 48 

Cinnamic acid C^ Hs O4 18 8 40 

Oilofcumine Ci© H„ O, 20 18 60 

Cuminicadd Cm Hn O4 20 18 48 

In this group the oxygen is still further diminished. All the 
compounds are volatile, and the acids approach to resins in compo- 
sition. The oils are fragrant, and yield the acids by simple oxida- 
tion ; in fact, most of these oils are aldehydes. 



Group V. — Volatile Oily and Fatty Aeidi, of the Formula (0, H,), O4 

SabataiiM formad. OvboBla add Watar Osyfaa 

vaav« oaad* a^patated* 

Nama. Famnla. is aqa. la aqa. fa aqt. 

Formic acid C, H, O4 8 2 8 

Oxido of methyle C, H, O 8 8 6 

Acetic acid C4 H4 O4 4 4 8 

Oxide of ethyle C4 H» O 4 6 18 

Glycerine, dry C* H4 O, 6 4 14 

Propylicacid C. H. O4 6 6 14 

Butyric acid C. H. O4 8 8 80 

Valerianic acid C„ H,o O4 10 10 86 

Oxide of amyle C,o H„ O 10 11 80 

Caproicacid 0„ H„ O4 18 12 88 

(Enanthylic acid Ch H,4 O4 14 14 88 

Capr>licacid C,* H,, O4 16 16 44 

Pelar^ouic acid C„ H„ O4 18 18 60 

BaUoacid Cm Hm 0« 80 80 M 
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Owboalfl Mid Wftlar 0*7f«B 

•Md. VMd. Mpantod. 

Haam. Fonaala. la aft. ia c^ la aqa. 

ICMgaritio acid On H^ O4 22 22 62 

Lniroeteario acid Cm Hm O4 24 24 68 

Gooinioaoid Cm H* 0« 26 26 74 

Myxistioacid Cm H^ 0« 28 28 80 

Benioacid Cm Hm 0« 80 80 86 

Oetjlio or Palmitic add.. C„ Ha, O4 82 82 98 

Oddeofcetyle Cn Hn O 82 88 96 

Maigario acid Cm Hm O4 84 84 98 

Stearioacid Cm Hm O4 86 86 104 

Balenicacid CnHM04 88 88 110 

An«hidicacid C4« H4« O4 40 40 116 

Behenioacid C«, H4, O4 42 42 128 

Geroticacid Cm Hm O4 54 54 158 

Ozideofcervle CmHuO 54 55 168 

M «liaBio acid CmHm04 60 60 176 

Qzide of melissyle Cm H«i O 60 61 180 

This group includes the chief oily and fatty acids, as well as their 
aldehydes, which are omitted, and some oxides of the ethylic series. 
Glycerine is added, because these acids are always found in nature 
combined with it The only two acids in which either part only of 
the oxygen of the carbonic acid, or the whole of it, without any 
from the water, has been separated, are the formic and acetic acids, 
which, accordingly, are powerful adds, soluble in water, and, though 
Tolatile, not oily. The rest are all oily or fetty, and become weaker 
as we rise in the scale, and in proportion as the oxygen of the 
water is more completely separat^. The oxides of ethyle, methyle, 
amyle, cetyle, ceryle, and melissyle occur combined with acids of 
this series, forming compound ethers, to some of which the flavor 
of many fruits is to be ascribed. The acetate, but3rrate, caproate, 
and caprylate of ethyle are found in the pineapple, melon, straw- 
berry, &c. A similar salt of oxide of amyle gives flavor to the pear. 
Oil of gaultheria is the salicylate of methyle. Spermaceti is the 
oetylate of cetyle ; and one kind of wax is the palmitate, another 
the oerotate, of oxide of ceryle. 



Gboup VI. — Ruins and Camphon, 

fMTBMd. CWrboaicMld Water OftjrfM 

■Md. oMd. MDMatod. 

Hum. ForaNla. latqi. laa^t. la aft. 

llanyresina Cio Hr O 10 7 26 

Camphor C,« H, 10 8 27 

Borneo camphor Cm H,, O9 20 18 56 

Many resins Cm H,4 O, 20 14 52 

Many resinooa acids Cm Hu Os 20 15 58 

In this widely difiused group, very little oxygen is left. It in- 
cludes an immense number of isomeric and polymeric resins and 
leainous acids. All are highly combustible. 

23 
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Gboup VII. — Carhohydrogens, 

BvtetftaM foroMd. Oftrboaieacid Watw 0>7I<b 

BMd BMd. 

N«iM. Fommk. la«^ faieqa. 



Oil of lemouB, &0., &0 Cs H4 5 4 14 

Oil of turpentine, <&c., &c. . . C|o H, 10 8 28 

Toluole C„H8 14 8 86 

Stjnrole (dnnamole) Ci« H, 16 8 40 

Metaatyrole (draoole) C,* H, 14 7 86 

Oil of jumper, «feo., Ac C,» H„ 15 12 42 

Camofe C„ Hj, 18 12 48 

Cymole C^ Hu 20 14 64 

In this group, which is very widely diffused, the whole of the 
oxygen, boSi of the carbonic acid and of the water, has been sep- 
arated, and consequently no further deoxidation can take place. 
Hence these compounds are very permanent, and are chiefly altered 
by their natural tendency to absorb oxygen under favorable circom- 
stances. 

It will be seen that these seven groups are so many sacceasive 
steps in the scale of deoxidation, at one end of which stand carbonic 
acid and water, at the other the non-oxygenated essential oils. And 
it is evident also that the members of one group may be converted 
into those of the next higher by deoxidation, with or without the 
addition of water. This is probably what takes place, leaving out 
of view, for the present, nitrogen and sulphur. First, oxalic acid is 
fbrmed ; then malic, tartaric, and citric acids, &c^ from it, or from 
each other ; then sugar, starch, <S^c., from the acids ; bitter, acrid, 
and colored compounds from sugar, starch, Ac ; then oxygenated 
volatile oils ; and then acids, perhaps also from su^, &c, ; then 
the oily and fatty acids, either from the preceding oils and acids or 
from sugar ; then the resins, from the fats or from sugar ; and, lastly, 
the carhohydrogens. Thus we have a picture of the whole process 
of vegetation, as far as concerns compounds devoid of nitrogen and 
sulphur ; and we find it to be uniformly one of deoxidation. We 
shall find also that the same law holds in regard to all those products 
in which nitrogen and sulphur are present ; but, before examining 
that subject, it may be remarked that the chief mass of plants is 
made up of woody fibre or cellulose, C,| H,o 0,o, with starcn, su^ar, 
and gum, oils, resins, and fats, as well as vegetable acids, and mat 
all of these are destitute of nitrogen. Hence the chief part of the 
food of plants is that which supplies carbon, hydrogen, and oxygen; 
in other words, carbonic acid and water. 

These are supplied by the atmosphere. The various processeSi 
constantly going on, of the decay of dead animals and vegetables, 
the respiration of animals, and combustion, are at every moment 
pouring carbonic acid into the air ; and yet, in the free, open atmos- 
phere, the proportion of carbonic acid never increases, as it would 
do in a closed space, beyond the average of T^^^tb, or a little more, 
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but never exceeding y^T^th part of the volume of the air. Now, 
these processes not only produce carbonic acid, but also consume 
oxygen, and that in the same proportion, the oxygen they take up 
being equal in volume to the carbonic acid which it forms. And 
yet, not only does the proportion of carbonic acid in the air not in- 
crease, but that of the oxygen does not diminish. Evidently, tliere- 
fore, some cause must be in operation, directly opposed to, and 
exactly balancing the processes of respiration, decay, and combus- 
tion. And such a process is that of vegetation, or the action of 
growing plants on carbonic acid and water under the influence of 
light, by which, as we have seen, these are deoxidised, vegetable 
products are formed, and oxygen is given out. Thus the air is kept 
m a state of purity, and yet is constantly undergoing change ; for 
as fast as respiration, decay, and combustion consume oxygen and 
form carbonic acid, vegetation consumes carbonic acid, and pro- 
duces oxygen. Any excess of carbonic acid instantly causes an in- 
crease of vegetation, and therefore of oxygen, as well as of food for 
animals. When animals by this food increase, they produce more 
carbonic acid, and so on, the oxygen circulating from the air to car- 
bonic acid in the animal processes, and from carbonic acid, by 
means of plants, back to the air again. 

It is quite conceivable, that in the earlier geological periods, 
when, as it appears, warm-blooded animals did not exist, the air 
may have been unfit for them, by reason of its containing too much 
carbonic acid. But this, within certain limits, would be favorable 
to vegetation, and especially, as there is reason to believe, to that of 
cryptogamous plants, such as ferns and lycopodiaceas, and also the 
cycadacese. The action of such plants growing with enormous 
luxuriance, and not balanced by animal life, would in time diminish 
the amount of carbonic acid, increasing at the same time that of oxy- 
gen in the air, till it became fit for the respiration of warm-blooded 
animals, and the carbon, thus removed from the air, would be stored 
up in the form of remains of these plants, protected from decay by 
being covered with some rocky mass. In accordance with this idea, 
while the animals of the carbonaceous and other early periods seem 
to have been reptiles or fish, that is, such as required little oxygen, 
the vegetation, as found, partly decayed, in our coal-beds, seems to 
have been prodigiously luxuriant; and it is said that ferns and 
otlier similar plants, which abound in coal, really do grow most 
luxuriantly in an atmosphere charged with carbonic acid, to a much 
greater degree than air is. Be this as it may, vegetation would pu- 
rify such an atmosphere, till warm-blooded animals and man could 
live in it ; and then, the balance once attained, would continue im- 
disturbed, as at the present day. In fact, air, taken from closed 
vessels, from the tombs of Egypt, 3000 years old, or the ruins of 
Herculaneum, 2000 yeai-s old, has been found as rich in oxygen as 
that of the present time. 
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Plants, then, obtain all their carbon, directly or indirectly, from 
the air : directly, by absorption through the leaves ; indirectly, 
through the absorption of water by the roots, this water having 
dissolved some carbonic acid in passing through the air, and more 
in filtering through the soil, in which carbonic acid is constantly 
formed by the decay of organic matter. But this solution of car- 
bonic acid has another and very important function to perform, name- 
ly, to dissolve earthy and alcaline phosphates and carbonates, and 
thus to supply the plant with its mineral food. Although, there- 
fore, part of the wood, &c., of a plant may be formed from the car- 
bonic acid entering by the roots, yet as plants give out from the 
roots a certain amount of carbon in the form of excretions, we find 
that the whole increase in the weight of carbon in a growing plant is 
really derived from the air by the leaves. The soil becomes richer 
in carbon rather than poorer, and thus the carbon of all crops, as 
far as its weight is concerned, comes from the air. There is no evi- 
dence that mould or humus ever enters the plant as ntch ; but it is 
converted into carbonic acid, which enters by the roots and acts as 
a solvent for mineral salts. This, as we shall see, is the true reason 
why the presence of humus in the soil or in manure is advantage- 
ous. But direct experiments have proved, that plants can grow in 
perfection and produce fertile seeds, as the first plants must have 
done, in a soil destitute of humus or mould, provided it contain the 
necessary alcalies, phosphates, and other mineral salts, in a form 
adapted to entrance into the plant. In this case, the atmosphere 
easily supplies the whole of the carbon required, as well as the am- 
monia, if the necessary time be civen. 

Let us now attend to the nitrogen of plants. This, as already 
stated, is supplied to wild plants entirely by the air, and, so Car as 
we know, only in the form of ammonia. Some authors have held 
that nitric acid furnishes nitrogen to plants, and that this acid is 
formed in the air by thunder-storms, and carried down by the rain, 
and they point to the occurrence of nitric acid in springs in proof 
of this. Now, it is true that nitric acid is formed in thunder-storms, 
but in very minute quantity, whereas ar^monia is, and must be, 
present in the air at all times. When electric sparks are passed 
through air, nitric acid is formed, but a continuance of the sparks 
again decomposes it Indeed, there is reason to believe that the 
nitric acid of storms is produced by the oxidation of ammonia of 
the air, as in nitrification, where ammonia is oxidised into nitric 
acid and water, N H, -j- Og = N O4, 3 H O ; so that, even if nitric 
acid did yield nitrogen to plantn, that nitrogen might be derived 
from ammonia. This would account, too, for the small anoount of 
nitric acid formed. For if it were produced by the action of elec- 
tricity on the nitrogen and oxygen of tlie air, there seems to be no 
reason why it should not be formed in very large quantity ; while 
ammonia forms less than yo^^th of the air, perhaps much h 
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Nitric acid is chiefly found in springs where decaying organic mat- 
ter is near them, as in towns, and is formed from the ammonia pro- 
duced in their decay, by the same process as in nitrification. Be- 
ndes, although plants probably possess the power of decomposing 
nitric acid, we know Uiat many plants, such as tobacco and sun- 
flower, actually produce nitric acid, or at least do not destroy that 
which enters them. On the whole, we may admit that both ammo- 
nia and nitric acid may yield nitrogen to plants, but we must not 
forffet that nitric acid is most commonly formed from ammonia. 

The origin of the anmionia in the air is obvious. It is contained 
in the excreta of animals, chiefly in their urine, and is also pro- 
duced from the decay and putrefaction of dead animals and vegeta- 
bles, the whole of their nitrogen rising into the air as carbonate of 
ammonia. The combustion of coal also yields it, and it is said that 
some ammonia is given out in the respiration or transpiration of an- 
imals. It is stated, that if the air of a crowded theatre be allowed 
to escape by a narrow opening above, while fresh air enters below, 
the air passing out is pungent from ammonia ; but whether this 
be derived from the lungs or the skin is not known. But it is evi- 
dent that the air must be continually receiving supplies of ammonia ; 
and as plants cannot grow without it, and fix large quantities of it, 
they must be continually removing it from the air. Here, then, is a 
balance between vegetable life and animal life, supported by plants 
on the one hand, and decay on the other, similar to that above ex- 
plained of the carbonic acid and oxygen ; only the balance of nitro- 
gen is single, while that of carbonic acid and oxygen is double. 
Ammonia, that is, its nitrogen, is taken up by plants, by them 
supplied to herbivorous animals, and by these to carnivorous ani- 
mals; so that in this case vegetation and animal life act on the 
same side. And the decay or putrefaction or combustion of both 
vegetables and animals sends the whole of their nitrogen, in the 
form of ammonia, back to the atmosphere. This balance is as per- 
fect as the former, and both combined keep the composition of the 
air perfectly uniform within certain limits. 

The proportion of ammonia in the air is so small that it cannot 
be detected by direct tests applied to a small portion of air ; but it 
la easily detected in rain-water by acidulating it with sulphuric acid, 
and evaporating it to y^th or ^^th of its bulk. The addition of 
lime or potash will then set free ammonia, which may be recognised 
by its smell, and by forming white vapors with hydrochloric acid ; 
or the addition of bichloride of platinum will cause a yellow pre- 
cipitate of ammonio-chloride of platinum. It is evident that the 
ammonia of the air is brought to the soil by the rain, and enters 
plants partly by the roots, partly by the leaves ; and it has been 
proved by experiment that the air is capable of supplying to plants, 
in the form of ammonia, all the nitrogen they require, provided 
only the soil contain the necessary mineral food in available forma, 
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and time be allowed. When we come to treat of manures, we shaH 
speak of the uses of ammonia in them. 

It will be as well to mention here, that the only remaining com- 
bustible or organic element of the food of plants, namely, sulphur 
(for the phosphorus is always in the incombustible form of phospho- 
ric acid), is obtained from sulphates in the soil, chiefly sulphate of 
lime or gypsum, which serves to explain the value of gypsum as a 
manure. 

We have seen how, in a general way, plants form, from carbonic 
acid and water, all those vegetable products which contain neither 
nitrogen nor sulphur, and invariably by the separation of oxygen. 
Now, to produce nitrogenised compounds, pch as malamide or 
asparagine, indigo, and the vegetable bases, morphine, quinine, 
strychnine, caffeine, <fec., it is only necessary that, to the conditions 
formerly mentioned, namely, an active cell, containing albuminous 
matter, and the presence of phosphates, alcalies, and salts, carbonic 
acid and water, sugar, <S^c., ammonia should be added ; and the plant 
then, by the same process of deoxidation, gives rise to nitrogenised 
products. That these conditions are fulfilled is proved by the fact, 
that the juice of plants contains sugar or gum, albuminous matter, 
alcalies, phosphates, and salts, and among these, salts of ammonia. 
And it is easy to illustrate the formation of the compounds here 
alluded to. It must first, however, be mentioned, that ammonia, 
from its nature, is a very remarkable substance. It cannot be 
formed by the direct union of its elements, but only when they 
meet in the nascent state ; and from the strong attractions of both 
its elements for other elements, it is particularly liable to transfonn- 
ations. Of these, the oxidation of both its elements, which occurs 
best in contact with bases, as in nitrification, has been mentioned. 
When ammonia is in contact with lime, air, and moisture, nitrate of 
lime \b formed, and from this the nitrate of potash, N Hj -j- Ca O + 
Og = Ca O, N* O, + 3 H O. But in organic chemistry we meet 
with another peculiar transformation or series of transformations of 
ammonia, those, namely, in which one, two, or all three of its atoms 
of hydrogen are removed, in union with oxygen, derived from an 
acid ; and both residues, the ammonia minus hydrogen, and the acid 
minus oxygen, combine to form new compounds, which are called 
amides, imides, and nitryles, according as the ammonia has lost one, 
two, or three atoms of hydrogen, and the acid, of course, one, two, 
or three atoms of oxygen. The simplest example of an amide is oxa- 
mide, fonned as follows : N H„ H O, C, O, = N H^ C, O, -j- 2 H O. 



. ' 'v 

Oxokt* of Ammonia. Onmidc. 



All amides are formed in the same way, by the separation of 2 
eqs. of water from the neutral salt If the acid be bibasic^ the neutral 
salt contains of course 2 eqs. of ammonia ; but here also, 2 eqs. of wa- 
ter are separated to yield the amide, as in asparagine or malamide. 
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Ca H4 Oa, 2 N H4 = Ca N, H,. Oe + 2 H 0. 



■V 



ofABaoeia. Ifduoid*. 



When the same change takes place in the acid salts of ammonia, 
with a monobasic or bibasic acid, the result is an acid amide. Thus 
binoxalate of ammonia yields oxamic acid. 

C3, Oa, H 0, CtOa, N H4 = 0* NH, O. + 2 H 

* ' . . ' ^ » ■ " 

Biaoiaktc of AamoBk. Oaounlc Add. 

and 

C8H4 0a,H 0, N H4 = C8 N Ht Oa + 2 H 0. 

AddHdirtoofAaHDonk. lUUmte Add (Aspvtlo Add.) 

Thus the general law for amides, neutral and acid, is the elimina- 
tion of 2 eqs. of water from a neutral or acid salt of ammonia. 
These amides are very numerous as artificial products, and one at 
least, malamide, or asparagine, is an important natural product, 
Tliej all, when boiled with acids or bases, yield ammonia, and the 
acid from which they were formed. It is probable that amides 
have an important part to play in vegetation, and that they may 
contribute to the formation of vegetable bases. For in several 
instances, artificial amides are converted into bases, isomeric or poly- 
meric with themselves. Thus, oil of bitter almonds, with ammonia, 
yields a neutral crystalline compound, hydrobenzamide, 

8(C,4H« 0,) + 2 N Ha= 6H + C41 N, Hi. 

OOofblUariJnMnda. HydioTuBMinlda 

and this compound, when boiled with potash, is transformed into the 
isomeric base, amarine. In like manner, oil of bran, or furfurole, 
G|| H« Oe, witji 1 eq. of ammonia, 3aelds 3 eas. of water, and I eq. 
fiirfuramide, C^ N H« 0| ; and this, boiled witn pota^, is converted 
into the base furfurine, On Nt Hn Og, polymeric with it 

Under Indigo we have described colorless indigo, as it exists in 
the plant. This is probably an amide of an acid not yet known, 
CwH«0,. For 

C,« H4 Ot + N H4 = 2 H + Cj. N H« 0,. 



-*v— 



1 Add. White Indlfo. 

And this, when exposed to air, passes by the simple removal by ox- 
idation of I eq. of hydrogen into blue indigo, G]e N H^ O,. 

8ome nitrogenous colors are produced by the combined action of 
ammonia and oxygen on colorless substances from plants, both pro- 
cesses going on outside of the plant, whereas in indigo the action of 
ammonia has taken place in the plant, and oxygen alone is wanting 
to produce the color. The beautiful dye archil is produced by 
the action of ammonia and air on the colorless orcine. Now, in 
this case, an amide is probably first formed, and afterwards oxi- 
diied. 
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0,4 H, O4 + N H, = Cm H, N 0, + 2 HO 



■ V ^ 

OrrfaM. OrdaMiM*. 

and 

C4H.N 0, + 0.= C»4HtN 0. + 2H0 



■ - y ' V 

OwitiMunWiw. BloaOredM. 



Amygdaline, the peculiar bitter compound which yields the oil 
of bitter almonds, seems to be an amide of amjgdiuinic acid, an 
acid which may be obtained from it Thus, 

C4« H„ 0„ + N H4O = C4.N H„ 0« + 4H 0. 

V , > y — , » 

AajgdaliKie add. AmjfiUllM. 

We may conclude, therefore, that all those compounds found in 
plants, which contain nitrogen without sulphur, are either ami d es, or 
derived from such compounds. 

When a salt of ammonia loses so much water that 1 eq. of am* 
monia has lost 2 eqs. of hydrogen, and 1 eq. of the acid 2 eqs. of 
oxygen, the resulting compound is called an Imide, Imide being the 
name of the compound N H which is left, as Amide is of N H,. A 
few imides are known, but all are artificial, and, besides, they agree 
with amides in yielding the original acid and ammonia, when boiled 
with acids and bases. If they exist, therefore, in plants, they will 
be formed in the same way as amides, and peld analogous com- 
pounds. We need not, therefore, dwell on them. Were neutral 
oxalate of ammonia to lose 3 eqs. of water, instead of 2, it would 
yield oximide, N H4 O, C, O, = 3 H O + C, N H O, which hist 
would be oximide, differing from oxamide by 1 ea. of water. 

The nitryles, which are compounds in which ail the hydrogen of 
ammonia has separated as water with 3 eqs. of oxygen from the 
acid, are, for the most part, artificial products. Thus, benzoate of 
ammonia, N H4 O, Ch Us 0|, if deprived of all its oxygen, that is, of 
the 3 eqs. in the anhydrous acid, and of the 1 eq. in the oxide of 
ammonium, along with 4 eqs. of hydrogen, 3 from the ammonia, 
and the fourth from the water which converts ammonia into the 
oxide of ammonium, and is necessary to the existence of all salta of 
ammonia with oxygen acids, yields BemonitryUy Ch N H^. It 
would appear that nitryles, which contain no oxygen so far as known, 
are derived from such acids as contain only 3 eqs. of oxygen when 
anhydrous, or 4 in the form of hydrate. Hence the acids of the 
Formic and Acetic series (C. Ho)t O4, readily yield nitryles, as well 
as those of the Benzoic series. The reader will observe, that in the 
equations above given for amides, the ammoniacal salts are repre- 
sented with N H4 O, when the acid is represented as anhydrous, and 
with N H}, when the acid is given as hydrate. In all cases 1 eq. of 
water must be present, beyond the anhydrous acid and dry ammo- 
nia, N H|, and it is of no consequence whether this be written along 
with the anhydrous acid, or with the ammonia, which it converts 
into oxide of ammonium, for N H| + H O =: N H4 O. It is there- 
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fore quite indifferent whether oxalate of ammonia be written, N Hi, 
C, 0|, H O, or N H4 O, C, Oj, and so for all similar cases. The 
fourth atom of hydrogen in N H4 O, is always separated as water 
along with the other three, or with one or two of them. This is the 
reason why in the formation of amides 2 eqs., of imides 3 eqs., and 
of nitryles 4 eqs. of water are expelled from the neutral ^ry salt of 
ammonia. The oxalate of ammonia, as we have seen, yields oxa- 
mide by losing 2 eqs., and oximide, C, N H O, which would probably 
appear as cyanogen and water, by losing 3 eqs. of water ; and if it 
lost 4 eqs., it would yield cyanogen, Ct N, which is the oxalonitryle. 
Now there is a curious relation between the nitryles and cyanogen. 
For Formonitryle, C, N H, is hydrocyanic acid ; Acetonitryle, C4 N 
Hi, is the cyanide of methyle, and so on. Benzonitryle, 0,4 N H^ 
18 probably the cyanide of phenyle, C| N, C,| H,. It is not known 
whether all nitryles are cyanides, or whether some may not be iso- 
meric with cyanides. We may conclude, therefore, that cyanogen 
and hydrocyanic acid, which occur in plants, are nitryles formed, the 
former from oxalate, the latter from formiate of ammonia. And it 
now appears, that some of the non-oxygenated volatile bases, such as 
nicotine and coniine, are basic nitryles. 

Having now explained the reaction of ammonia to form amides, 
imides, or nitryles, let us consider the formation of such compounds 
aa contain nitrogen without sulphur, supposing them, as before, to be 
produced immediately, as we know they are mediately, from the 
food of plants — namely, carbonic acid, water, and ammonia. This 
will be best illustrated by a tabular arrangement. 

8«btUae« formed. C O9 HO N Ha O Mp*- 

nard. oMd. as«d. rntod. 

KasM. Fonnnla. in eq*. in eq*. in «qa. ia •qt. 



Asparagino €« N, H,o 0« 8 4 2 12 

Whiteindigo C„ N H, 0, 16 8 1 88 

Amyirdaline C4« N H,, On 40 24 1 82 

Hiootine Cm N, Hh 20 8 2 48 

Ooniine C». N H,» 16 12 1 44 

Morphine Cm N H„ 0« 85 16 1 80 

Quinine C^oNaH^Of 40 18 2 94 

Sbrchnine C^ N, H„ O4 42 16 2 96 

(Mbine Cj,N4Uio04 16 4 28 

The table will sufficiently illustrate the formation of the different 
classes of nitrogenised compounds which it embraces, namely, indif- 
ferent bodies, bitter compounds, coloring matters, volatile and fixed 
organic bases. They all contain very much less oxygen than the 
carbonic acid and water from which they have been derived, and 
some of them none at all. But there is no doubt that they are 
formed mediately, not immediately, and possibly from acids or sugar, 
acting on ammonia with deoxidation, the acids or sugar having been 
previously formed from carbonic acid an<i water by deoxidation. 

There is a small but pretty widely diffused group of comjx)unds 
containing sulphur, but no nitrogen. These ai'e oils, and, like 
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almost all organic compounds of sulphur, they have a fetid alli- 
aceous odor. Such are the oils of garlic, and probably of hopa, of 
Polygonum hydropiper and of Arum maculatum. The only one 
yet analysed is the oil of garlic, €« H^ S, which may be viewed as 
the sulphide of the radical allyle or acryle, Cg H^, isomeric, but not 
identical with propionyle, Cg H^, the radical of propionic or propylic 
acid. It is of course easily derived from 6 eqs. C 0„ 5 eqs. H O, 
and 1 eq. S Os, for these, losing 20 eqs. of oxygen, would yield C% 
Hs S. It is very probable thatr the oils of onions and leeks contain 
similar compounds, perhaps homologous ones, such as sulphide of 
formyle, C, H| S, or sulphide of acetyle, C4 H| S, or sulphide of 
butyryle, Cg H, S. 

There is one remarkable oil, that of mustard, which contains 
both sulphur and nitrogen. It is, in fact, as has been already {uUy 
explained, the sulphocyanide of allyle or acryle, G^ H5 + G, N S^ 
= Cg N H5 S„ and it may be deduced from 8 eqs. C Of, 2 eqs. H 
O, I eq. N H|, and 2 eqs. S Oj, simply by the loss of 24 eqs. of 
oxygen, or the whole oxygen they contain. 

We now come to the most complex of all the organic products^ 
namely, the albuminous or sanguigenous compounds, albumen, 
fibrine, and caseine, which are the highest in the vegetable scale, 
and the production of which, both as essential to the seeds, and as 
furnishing sanguigenous food for man and animals, is the chief 
object of vegetation. They contain, as we have seen, five combustible 
elements, carbon, hydrogen, nitrogen, oxygen, and sulphur, along with 
phosphates, essential to their existence. They cannot, therefore, be 
formed without a supply of phosphates, and as their presence is indis- 
pensable both to the cell and to its contents, plants cannot ctow in a 
soil devoid of phosphates. In such a soil seeds will sermmate and 
produce a few leaves at the expense of the seed, or of uie first leaves^ 
which die ofi*. But here they stop, and however abundant the sup- 
ply of carbonic acid, water, ammonia, sulphuric acid, silica, pptasn, 
common salt, lime, <^c., yet if phosphoric acid be absent, the' plant 
soon withers, without having produced seeds. When supplied with 
phosphates, plants ctow vigorously and produce abundant fruit, and 
having done so, eiuer die, or become torpid . for the winter, after 
losing their leaves. 80 close is the connection between phosphates 
and sanguigenous matter, that the seeds, where the latter accumu- 
late, yield, when burned, ashes formed chiefly, sometimes entirely, of 
phosphates; while the ashes of wood, straw, or leaves, contain 
chiefly carbonates and silica. 

We have seen that these compounds are very complex, not only 
containing five organic elements, but containing a very large num- 
ber of these in one molecule. Thus the smallest molecule indicated 
by analysis* contains of 

* The formale here given to the ftanguigenoos bodieii are not given m oertsia, 
Imt only M * near espreniion of the resolti of the beet aneljiee. We hevs 
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Oaben, Hydroffea. Nitrogen. Salphar. Ozyseti. ToUL 

Atonw. Atonw. Atom*. Atoms. Atomt. Atoou. 

Albumen 216 169 27 2 68 482 

Gtoeine 288 228 86 2 90 544 

Fibrine 216 169 27 2 68 482 

The fibrine in the table is vegetiible fibrine, which agrees with 
that of flesh or sarcofibrine, in being apparently isomeric with vege- 
table albumen. (Blood fibrine or hematofibriue is said to be a dif- 
ferent substance.) Now, we can easily suppose these bodies to be 
formed from sugar, C„ H„ 0„, that is, dry grape-sugar, along with 
ammonia and sulphuric acid. Thus : 

laiplo7««l. Eip*!!**!. 

▼•gvteU*. 8««»r. Ammooia. Solphorie aeid. WaUr. Oxygtn. 

Albumen and Fibrine.. 18 27 2 128 26 

Ctaeino 24 86 2 168 86 

Blood fibrine is not formed in vegetables, and is therefore omitted 
here. We can also easily deduce the formulaj of vegetable albu- 
men and fibrine, and that of caseine, from carbonic acid, water, 
ammonia, and sulphuric acid, by deoxidation. In fact, the forma- 
tion of sugar is only the first or early part of the process, supposed 
to occur before ammonia is concerned. 

EmployiMl. Ezpellad. 



/ ^ 



▼•gttebU. CDs HO NHj SOt OzyfHU 

Albumen and Fibrine 216 83 27 8 454 

GMeine 288 120 86 8 618 

The following diagram will illustrate the process, viewed in two 
aaccessive stages, the first being the formation of sugar. 

C. N. 8. H. a 

816 eqs. carbonic acid = 216 482 

816 eqs. water = 216 216 

The sum is =216 216 648 

Deduct 18 (Cia Hn Oia) (sugar) .... =216 216 216 

Th« difference is 482 eqs. of oxygen 

expelled in producing 18 eqs. of sugar. 



already, in speaking of albumen, fibrine. <S^., mentioned not only thcRe formnlaB, 
but more simple ones proposed by Hunt and others. The latter, however, 
agree leas closely with analy8is. It is certain only that the true formula} are 
not yet known, but that they are very complex, and in tlie tables which follow, 
aa well as others farther on, we merely use these formulae for the purpose of illus- 
tration. Any others corresponding equully well with unalyttio, might bo em- 
^oyed ; but as no additional certainty iios been obtained in regard to the true 
ronnuUe, those used in the last edition of thi:* work are rutaincd. 

It is, however, nocesAar^ to remind the realur timt Oiweinc, which i«» liore Hup- 
posed to differ materially m composition from albmnon and tlhriue, is now be- 
lieved by many to be isomeric with them in the oo'nliuHtihle 'T ori^anic purl ; in 
ikct, to be albuminate of [)Otash. But as thlH is ntill uncoriain, the t'ormula here 
given to oaaeioe is left as it was. 
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a H. 8. H. 

18 eqs. sugar Cia Hit Om =216 

Add 27 eqs. ammonia N Hi 

And 2 eqs. solphuric add S Ot 



216 


27 


2 


216 
81 


216 
6 


216 


27 


2 


297 
128 


222 

128 eipeUed. 


216 


27 


2 


169 


94 

26 oxygen expelled. 



TheBumia =216 27 

Deduct 128 eqs. water HO 

Deduct 26 eqs. oxygen 

Bemains Albumen =216 27 2 169 68 

Thus we see that if albumen be formed from sugar, there must 
be expelled 128 eqs. of water and 26 of oxygen ; whereas, if it were 
formed immediately from carbonic acid and water, as explained in 
the second table, 454 eqs. of oxygen and no water would be given 
ofif. The reason of this is that albumen contains much less of hy* 
drogen than of carbon, whereas sugar contains an equal amount of 
both, as well as of oxygen, and the excess of hydrogen in sugar must 
be given out in the form of water, while, if carbonic acid and water 
could directly yield albumen (with ammonia, he), only 88 eqs. of 
water would be necessary to 216 of carbonic acid and 27 of am- 
monia. 

We have now traced the formation of all classes of vegetable 
products, and in doing so, two points are especially worthy of notice ; 
first, that plants possess the power of building up, from compara- 
tively simple molecules, such as are more complex, and that thia 
complexity increases as we rise in the scale of vegetable products, 
till we come to those substances which form the vegetable tissue, 
such as woody fibre or cellulose (which is C|t H|o 0|o , or perhaps a 
multiple of these numbers. The composition of starch, whicn is 
semi-organized, is the same as that of cellulose, Cn U|o 0,o), and 
albumen, caseine, or fibrinc, which are not only essential to the vege- 
table cell, but destined to form animal tissues, are greatly more 
complex even than this. Secondly, that in every part of the vege- 
table process, in the formation of every form of vegetable products, 
of acids, neutral bodies, cellulose, starch, fats, oils, resins, bases, and 
sanguigenous matters, one character universally prevails, that, name- 
ly, of deoxidation of the materials and liberation of the oxvgeiL 
When we deoxidise any substance in the laboratory, we do it by 
causing the oxygen to combine with another body ; but vegetables, 
while they produce all matters essential to their own developement 
and to the life of animals, give out, in doing so, the oxygen which 
is removed, and thus plants cannot grow without, as a necessity of 
their life, restoring to ihe air the oxygen withdrawn from it by the 
life of animals. We shall see that the chief processes going on in 
the animal body, which produce results equally varied and wonder- 
ful, are, in both the above points, of an opposite nature. 

It would seem as if deoxidation were somehow favorable to tlie. 
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coalescence of smaller molecules to form larger and more complex 
ones, for in almost all of those cases in Tvhicb we have succeeded in 
building up, as the plant does, complex atoms from simpler, it is by 
deoxidation. But these cases are still few, and we have not yet 
learned to produce in this way natural vegetable products, apparently 
because we cannot yet imitate either the vegetable cell or the pecu- 
liar vegetable process of deoxidation ; but are compelled to use 
coarser methods. We are more fortunate in the destruction or de- 
composition of complex organic products, for in this way, and 
especially by processes of oxidation, we have produced many sub- 
stances identical with, and many others perfectly analogous to, vege- 
table products, but invariably less complex than the substances from 
which they are obtained. In this we imitate the destructive animal 
processes, while we fail to imitate the constructive process, whether 
of vegetable or animal life, the latter requiring the aid of the vital 
force to modify chemical action; the former depending chiefly, if 
not entirely, on chemical causes within our reach. 

In vegetation water acts, not only by its elements, which are re- 
quired, along with those of carbonic aciJ, ammonia, and sulphuric 
acid, to yield vegetable products, but also as a solvent for the essen- 
tial mineral matters derived from the soil, all of which enter the 
plant, dissolved in water, or rather in a solution of carbonic acid in 
water. 

Of these mineral substances, the most important are the alcalies, 
potash and soda ; the alcaline earths, lime and magnesia ; oxide of 
iron ; silicic acid ; chlorides of sodium and potassium ; in sea-plants 
also the iodides of some metals ; and the phosphates of lime and 
magnesia. It is as a solvent for lime, magnesia, oxide of iron, and 
the earthy phosphates and carbonates, that the carbonic acid taken 
up by the rain in passing through the air and the soil is so impor- 
tant ; for all the other substances are soluble in pure water. And 
it is as a constant source of carbonic acid for this purpose in the soil 
that the presence of organic matter in the soil, or m the manure 
added to it, is %o advantageous as experience shows it to be. 

The alcidies and earth, oxide of iron, and silicic acid, found in 
fertile soils, are derived from the decay of rocks, and chiefly of fel- 
spar, the chief ingredient of granite, gneiss, mica slate, clay slate, 
hornblende rock, porphyry, greywacke, all slaty rocks, and all vari- 
eties of trap and volcanic formations. Many of these are very 
rapidly disintegrated, as some granites and slates, and the lava beds 
of Vesuvius, and yield at once a fertile soil. Others being more 
slowly acted on by the weather, yield soils of inferior quality, full 
of undecoraposed felspar, which is quite insoluble. In such cases, 
Uie addition of quick or slacked lime has the eflfect of hastening the 
decomposition of the felspar, and rendering its elements soluble. 
This is the true explanation of the action of lime on stiflf clay soils, 
which contain disintegrated, but not much decomposed felspar. 
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There is found on the sides of ^tna and Hecla a volcanic felspar 
rock, or one closely allied to felspar, which is called Palagonite. 
This is so readily decomposed, yielding abundance of soluble silica 
and of potash, the most essential elements (except the phosphates) 
of cereal crops, that it is actually used as a manure for poor soils^ 
and will ere long be imported into other countries for that purpose. 
The fertility of soils, coBteris parilms^ depends on the proportion of 
decompos^ felspar, or of such as is annually brought by toe weath- 
er into the soluble form. The chief benefit derived from, frequent 
ploughing, especially in stiff soils, is that it promotes the access of 
air and moisture, and thus hastens the decomposition of the felspar. 
The burning or calcination of stiff clay has the same effect ; for 
calcined felspar is much more easily acted on by the air than it 
would have been previous to calcination. 

Common salt is found everywhere, in every spring, and in eveir 
soil. Sulphate of lime or gypsum, which yields to plants their sol- 
phur, is also very generally diffused in soils and in water, in which it 
IS soluble. The quantity of gypsum in many soils is so large, that 
no benefit can be derived from the addition of it as manure, and 
the farmer who adds it in such cases, simply wastes the price of the 
gypsum. But where it is absent, or present only in small propor- 
tion, then the addition of gypsum produces wonderful results. 

The phosphates, which are absolutely indispensable to the STOwth 
of all vegetables, are found, fortunately for mankind, universally dif- 
fused both in rocks and in soils. There are few rocks, such as 
granite, CTeywacke, <fec., in which minute scattered crystals otapatiU 
or phosphate of lime may not be seen with the aid of a microscope; 
and the phosphates are present in every soil on which vegetation is 
found. The volcanic beds, which yield such fertile soils, are partio- 
ularly rich in phosphates, and these salts also occur in many lime- 
stones (all of which have had an animal origin, as seen in shell 
marble, shell limestone, and chalk, which are often entirely formed 
of shells), in considerable quantity. Such limestones are of course 
the best for the farmer. But, on an average, the proportion of phos- 
phates in any soil is so small, that one, or at most a few good cropS| 
exhaust it, or nearly so ; that is, they exhaust the avaiUble supply 
of phosphates, <fec. There are soils, such as those of Vesuvius, of 
certain districts on the lower Danube, and of great part of the 
United States, which either have not been exhausted by centuries of 
cropping of wheat or tobacco, or have only become exhausted after 
100 or 200 years of annual crops of the richest kind. But ordinary 
soils are comparatively poor, and hence the necessity for manure, 
that is, for restoring to the soil what has been removed in the crop, 
especially the phosphates and alcalies, the ingredients most easily 
exhausted. The excreta of animals, solid and liquid, being rich in 
these substances, are the best manure ; because they contain the 
phosphates and alcalies in the proportions inquired for plants, sod 
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abo in the proper forms, since they are derived from the plants on 
which the animals have fed, and are, indeed, nothing else than the 
ashes of those plants. But farm-yard manure is not valuable only 
as containing phosphates, but also as containing ammonia or sources 
of ammonia, and organic matter, which serx'es as a source of car- 
bonic acid. The most essential elements of manure are the phos- 
phates and carbonaceous matters ; for the latter supply a solvent, 
carbonic acid, for the phosphates both of the manure and of the soil ; 
and if this solvent.be supplied, and the soil or manure supply also 
phosphates, alcalies, and sulphates, the air will furnish ammonia, 
provided time be given. This has been practically demonstrated on 
a large scale by Liebig, who, by manuring a barren and worthless 
■oil with phosphates, alcalies, silica, and sulphates alone, obtained 
excellent results with wood and other perennial crops ; but found 
the result less favorable with cereals and other annual crops, which 
require a large supply of phosphates in a short time. He next added 
to the mineral manure sawdust, to yield carbonic acid, and now he 
obtained excellent results even for annual crops, although no am- 
monia was added, and the atmosphere supplied all the nitrogen. 
But it is certain that when the supply of phosphates is rapid, as it 
was here from the solvent action of the decaying sawdust, the air 
can supply any amount of ammonia, which cannot be assimilated 
without abundance of phosphates. The further addition of ammo- 
nia to the mineral manure and sawdust brought it to the state of 
fiurm-y^d manure, and then the same result is obtained in a still 
ahorter time — a point of much importance in temperate or cold cli- 
mates. Of course, to render, as in this experiment, barren soil fer- 
tile, is an expensive process, from the necessity of adding to it so 
great an amount of mineral matter. But wherever a sufficient 
quantity can be added to it, without raising the cost of the improved 
barren soil to or above that of fertile soil, then, by the judicious 
cropping and manuring of the improved land, its artificial fertility, 
like that of a soil originally fertile, may be kept up from its own 
produce, aided by the action of the weather, and if economically pro- 
curable, by liming. 

Farm-yard manure, solid and liouid together, is the standard or 
model manure, and the object of all artificial manures is, in part or 
in whole, to imitate or replace it. The best sources of phosphates, 
next to farm-yard manure, are bone-dust and guano. Bone-dust is 
composed of phosphates and gelatine. Guano is the decaying resi- 
due of the excrements of sea-fowl fed on fish, and contains phos- 
phates and salts of ammonia, with some carbonaceous matter. It is 
evident that both resemble farm-yard manure, more or less, and that 
both are deduced, like it, from the vegetable food of animals ; for 
the fish consumed by the sea-fowl fed on other fish, which fed on 
animalculsB, which ted on sea-plants. Another valuable source of 
phosphates is that of beds of phosphate of lime, derived from ez 
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tiiict animals. There are such beds, of vast extent, in Spain : <>&- 
ers have been found near the Rhine, and in Canada ; and beds more 
or less entirely composed of coprolites, the fossil excrements of fiah 
and reptiles, fed on other animals, are abundant in England, as well 
as in other countries. These may be called fossil guano, and onlj 
differ from recent guano in having lost their ammonia and carboiL 
All these are extremely valuable as manures. 

But we must never forget that the best and most economical of 
all manures, is farm-yard manure, or, what is Ijie same thing, the 
night-soil and urine of inhabited places. In large cities, the amount 
of this invaluable matter is prodigious ; it represents, in fact, as hr 
as phosphates go, the whole food of the inhabitants; and yet, firom 
ignorance or carelessness, the greater part of it is wantonly cast into 
the sea, from which a mere fiction is, at a great expense, recovered 
as fish and guano. There are, no doubt, some practical difficulties 
in the way of saving the whole of the contents of our sewers in laige 
cities ; the chief of which is, the enormous amount of water added 
to them in order to wash them away from our habitations. But the 
subject has at length been taken up in earnest, and there are no dif- 
ficulties which may not be overcome. The bone-dust we import at 
a high cost, from other countries, is lost to them, and is to us only 
a circuitous mode of recovering a small part of what we have throwc 
away. In process of time, no nation will consent to sell bone-dost^ 
save at a price which will render its use impossible ; and we most 
come to that to which the Chinese, with their practical sagacity, 
have come many centuries ago, namely, the principle of restoring to 
the land every thing that is taken from it in the crops ; the only 
principle on which agriculture can be permanently or profitably con- 
ducted on average soils. The amount of phosphates in our edible 
crops is far beyond any thing ever seen in natural wild-plants ; and, 
therefore, the supply required by a dense population, and obtained 
in the excessive developement of seeds and roots in cultivated plants, 
must be given to the soil in the shape of manure, the best beiiv 
that derived from man, who consumes the crops. The rotation S 
crops, which takes advantage of the fact that one crop requires mors 
of one ingredient and less of some other than another crop does, and 
the occasional use of fallow, which allows the weather to act, and 
to render soluble a fresh supply of mineral matter, are only different 
branches of the best method of following out the great principle of 
agriculture above enunciated. The cereals and grass require more 
silica ; turnips and potatoes more of the alcalies ; peas, beans, clover, 
and other leguminos®, more lime and sulphates ; and thus may be 
alternated with great advantage, although all require a full supply 
of phosphates. For details on these important subjects, which onr 
space forbids us to enter upon more fully, but the principle of which 
we have endeavored to explain, the reader is referre<l to Liebig's 
Agricultural Chemistry, to the third edition of his Letters on 
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Chemistry, and to a small work recently published by him, the 
** Principles of Agricultural Chemistry."* 

A mistake is often made in the use of artificial manures, which is 
caused by ignorance of the principles on which they act The 
farmer has added guano, bone-dust, or gypsum, and has obtained a 
very heavy crop. He repeats the dose, and a failure ensues. The 
reason is, that the first addition had enabled the crop to assimilate 
all the available alcalies, silica, or sulphates present in the soil, or 
the greater part of them, so that, on the second addition of phos- 
phates, there was a great deficiency of one, or another, or of all 
these matters ; and as all are equally essential, the deficiency of any 
will cause failure. On restoring the balance, success will again be 
the result. Good farm-yard manure is the only one not liable to 
this cause of failure, because it is the only complete manure ; the 
others being more or less partial, or confined to one substance. Of 
course the same risk of failure exists, if the artificial manure added 
at first with success has been potash, or salts of ammonia ; for the 
addition of any of these, if previously deficient on the soil, will en- 
able the crop to take up a large proportion of the others, or of phos- 
phates, and may exhaust it of any one for the time. This ought 
particularly to be attended to, as when special manure acts, it does 
80 by exhausting the soil, pro tanto, of all the other necessary mineral 
ing^ients. 

The ashes of wood, peat, or coal, are valuable as manure, contain- 
ing the mineral elements of wood, and of those plants from which 
peat and coal have been formed ; mixed, in coal, with clay and 
sand. The ashes of straw are very valuable, especially for ^ass or 
the straw of com. In general, the ashes of any crop are tne best 
mineral manure for that plant. The burning of heath, or of the 
turf pared from moorland soil, is useful in two ways : first, by the 
action of heat on the felspar in the soil ; secondly, by supplying the 
ashes. By examining the ashes of the plants which grow naturally 
on any soil, we can easily discover what are the most valuable con- 
stituents of that soil, and thus judge of the proper addition to it. 
The ashes of any crop are identical with the ashes of the excreta of 
the animals fed on that crop. 

The addition of ammonia to any soil, in the manure, can only be 
of use in so far as that soil contains, in an available form, a due pro- 
portion of alcalies, silica, phosphates, common salt, oxide of iron, 
and sulphates ; and the same is true of every special manure. A 
soil, if totally deficient in any one necessary ingredient, will be abso- 
lutely barren. Thus, if all the other matters be present, and phos- 
phates, or sulphates, or alcalies be alone absent, no plant can grow 
there ; but the addition of the ingredient which is wanting will con* 
▼ert the soil into a very fertile one. If a soil be fertile for turnips 

* Walton and Maberly, London. 
24 
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or potatoes, and will not yield com or hay, it is deficient in soluble 
silica, essential to straw. If a soil yield grass and straw, but not 
corn, as sometimes happens, this may arise from deficiency of mag- 
nesia, which, in the form of phospnate, is essential to the husk of 
grain, so that in its absence no perfect seed is formed. Bran and 
urine, which both contain phosphate of magnesia, are on that ac- 
count, and on many others, very valuable for com. A soil on which 
corn grows, while clover or peas do not, is probably deficient in 
available lime or in gypsum. But in some plants the absence of 
one base may be supplied by another, potash by soda, lime by mag- 
nesia. When a soil is deficient in most, or in all, of the necessary 
mineral matters so often mentioned, it is hopelessly barren. Such 
is the case with the soil of districts where quartz rock prevails, or 
where the soil has been derived from that rock, as is seen in part of 
the northwest of Ireland. But happily such soils are rare, because 
such rocks are rare in any great extent The deserts of Asia and Af- 
rica are barren, not because the soil is devoid of the mineral food 
of plants, but because of the want of water. Even in the desert^ 
every spring is surrounded by an oasis of vegetation. 

We have said that the presence of decaying organic matter in 
the soil is useful in two ways ;. as a source of carbonic acid, which 
principally acts, dissolved in water, as a solvent for lime, magnesia, 
and phosphates ; and as a source of ammonia. Both of these ena- 
ble the plant to assimilate the necessary mineral matter in a &r 
shorter time than it could without them ; and this is a point of very 
great importance in our climate, where the summer is short, com- 
pared to that of tropical regions. To illustrate the power of water con- 
taining carbonic acid to dissolve phosphate of lime, insoluble in pure 
water, I may state that I found the carcase of a pig, buried on the 
slope of a hill, which was moist and undrained, when taken up aft^ 
fourteen years, to have shrunk into a flat cake (the change, most 
probably, had been effected in a much shorter time), which was en- 
tirely composed of fatty acids from the fat of the animal. The 
muscles and membranes, nerves and vessels, had putrefied and disMH 
peared, and not a trace of bone-earth was to be found. The whole 
had been dissolved by the water •percolating through the body, and 
had thus been carried down to the lower ground. I found the win- 
ter, like all water that passes through soils, to contain carbonic acid, 
and this had been the solvent. Hence, if cemeteries are placed in a 
high situation, the bone-earth is rapidly carried down to the valleys 
in a moist climate. In a dry situation, bones remain unaltered for 
centuries, as in the sandy soil of the field of Canna, on which the 
bones of those killed in that battle are often found to this day 
entire, though having lost much of their animal matter. The 
solvent power of carbonic acid must act in every soil, and hence the 
value of humus on the soil and of decaying organic matter in mir 
nure. 
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We have now examined the process of vegetation, ito results, and 
its indispensable conditions. It is perhaps worth while to remind 
the reader of the very important part played by the solar rays in 
vegetation. That essential process, by which the plant decomposes 
carbonic acid and water, liberatiDg their oxygen, can only take place 
under the influence of luminous rays ; for although, on the prevalent 
undulation theory, heat and light are both regarded as vibrations of 
the same kind, only differing in velocity, light only appearing when 
the vibrations amount from 400 to 600 billions in a second, and non- 
luminous heat when they fall short of 400 billions in a second, — 
although, therefore, light and heat are both motion, yet non-lumi- 
nous heat cannot enable a plant to decompose carbonic acid and 
water. Now, if we consider that the chemical effect of light, light 
being motion, is a mechanical effect, and that the mechanical power 
necessary to decompose carbonic acid and water is enormous, we 
see that the amount of mechanical effect produced in growing vege- 
tables by the solar rays must be very great indeed. In fact, it has 
been calculated that the mechanical force derived from the sun by 
the amount of wood growing in a year on one square foot of sur- 
&ce corresponds to that which would be required to raise a weight 
of 486,000 lbs. to the height of one foot ; and this is only j^^-th of 
the whole effect of the sun's rays, of which only ^th reaches the 
plant) and half of that is lost. The recent investigations of Car- 
not, Joule, W. Thomson, and others on the relations of heat, light, 
and mechanical effect, tend, indeed, to show that all the mechanical 
effect (except in a few cases, such as water and tide mills, volcanic 
action, and a few more), which is available to man, is derived from 
the solar rays, directly or indirectly. We have seen that a vast 
amount is expended in producing vegetables, and it is obvious that 
the whole mechanical power of the animal body is drawn, mediate- 
ly or immediately, from that which has been stored up in plants ; 
while the power of the steam-engine is derived from the conversion 
into heat of the mechanical force stored up in the fuel, whether 
wood or coal. This force, as we have seen, proceeds directly from 
the solar rays. 

Vegetables, as we have seen, cannot possibly grow and form seeds, 
without at the same time producing, as parts of their own structure, 
the food of animals in its two great forms, of non-nitrogenous or 
respiratorv food, namely, starch, sugar, gum, and oils ; and nitro- 
genous, plastic, or sanguigenous food, nanriely, albumen, flbrine, and 
caseine. The former, which do not enter into the formation of 
blood, save, to a small extent, oils or fats, may exist free from ashes 
or mineral matter, although these are necx»ssary to their production ; 
but the latter cannot exist, in the organism, at least, without con- 
taining at all events phosphates. And thus, by the beautiful ar- 
rangement which renders albumen, fibrine, and (caseine indispensa- 
ble to the developement of plants, and to the production even of 
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starch, sugar, and fat ; and which has rendered the presence of pboft- 
phates indispensable to the existence of albumen, fibrine, and caae- 
ine ; vegetables cannot grow, nor produce the plastic food of animaki 
or that which yields blood, without at the same time producing, 
and supplying to animals, the earthy matter required for their bonea, 
and in a smaller proportion, for the blood and for all the tissues. If 
albumen, <fec^ could be formed without phosphates, or if even blood 
and muscle could exist without phosphates, still animals could not 
exist or be formed without bonc-eartn. As it has been arranged 
with perfect wisdom, however, the mere fact that a plant has grown, 
necessarily implies that it contains the materials required to support 
animal life, provided, of course, it be not a poisonous plant, and 
probably tliere is no plant which may not serve as food for some 
animal. 

The food of animals, then, consists of respiratory and sanguigen- 
ous matter. It is first masticated and mixed with the saliva, which 
includes in its viscid substance a quantity of air. It is then intro- 
duced into the stomach, where digestion takes place. The saliva, 
which is alcaline, and contains a peculiar modification of albumen, 
called ptyaline, has a peculiar power, not possessed by the gastric 
juice, of converting starch into sugar, which is an essential part of 
digestion. It also conveys oxygen, in the form of inclosed air, to 
the stomach, where the oxygen probably assists in producing the 
peculiar change in the gastric juice, or in the epithelial matter sus- 
pended in it, by which the gastric juice dissolves albumen, fibrine, 
or cascine. The gastric juice, which is acid, and contains phospho- 
ric, lactic, and hydrochloric acids, has the very remarkable property 
of dissolving coagulated albumen, as well as fibrine and caseine, at 
the temperature of the body, but has no action on starch. Since it 
acts as well after filtration as before, it is probable that the ferment 
it contains is a dissolved one, and not, as Frerichs states, suspended 
epithelial cells. 

When the food has been digested to a certain extent, it leaves the 
stomach, and enters the intestines, where it is soon af^er mixed with 
the bile. It is also continually mixed with the intestinal secretion, 
a fluid which is viscid, alcaline, and contains no albumen. It pos- 
sesses, however, both the power of the saliva to dissolve starch as 
sugar, and that of the gastric juice to dissolve sanguigenous matter, 
and it evidently contributes to the completion of the digestion of 
the starch and albumen, &c., of the food. The bile, as has been 
proved, is nearly all reabsorbed in its passage through the intestines ; 
and the pancreatic juice, which also mixes with the food, has been 
said by Bernard to be the agent of the solution of fat or oil, which 
it is said to convert into an emulsion, capable of entering the ab- 
sorbents. It is certain that the pancreatic juice can resolve neutral 
fat oils into glycerine and fatty acids, and that this action is pre- 
vented by the gastric juice, and &vored by bile. But the latest re- 
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searches tend to prove that the means by which fat is absorbed are 
not yet known, although the bile and pancreatic juice, especially the 
bile, in some way contribute to it. Oil is not absorbed by diffusion 
or endosmosis, nor are the fatty acids, when separated ; and the ab- 
sorbed fat is neutral. Whatever be the means, the fat, if not ex- 
ceeding a certain amount, is certainly absorbed, and thus, when the 
food has passed through the stomach and intestines, all the starch, 
albumen, &c^ and fat, has been taken up, as well as nearly the 
whole of the bile. The insoluble residue, or fseces, consists of 
woody fibre, a little coloring matter, supposed to come from bile, 
and the insoluble earthy salts of the food, as well as of the effete 
tissues, while the soluble salts, entering the circulation, are expelled 
in the urine. 

The fibrine and caseine of the food appear in the dissolved food, 
or chyle, almost entirely as albumen, along with the albumen of the 
food ; and it would seem that albumen, in the blood, as in the eggy 
is the true source of the tissues. Chyle contains very little fibrine, 
and blood only about 1 or 2 parts in 1000, and there is reason to 
think that fibrine is rather, in the blood, a product of the destruction 
of the tissues, than a substance from which they are formed. The 
chyle, along with the Ijonph, is mixed with the blood and passes 
through the lungs, where it probably acquires its color. The red 
corpuscles of the blood are nucleated cells, or rather the nuclei of 
such cells, which abound, in a colorless form, in lymph, and are 
even found without color in the blood, especially in a diseased state. 
The blood is the most complex of all fluids, containing not only the 
food of all the tissues, but the products of their oxidation. For in 
the lungs the venous blood takes up oxygen, and gives out carbonic 
acid. It then goes, as arterial blood, to the heart, whence it is sent 
to every part of the body, carrying with it the oxygen, which it 
gradually exchanges for carbonic acid, formed by the oxidation of 
uie tissues, but, as the products of oxidation are constantly removed 
from it by the excretory and secretory organs, they are always in 
small proportion. In this brief sketch we have not alluded to the 
presence of glucose in the blood and liver, because the subject is 
still but little understood. But under the blood we have mentioned 
that the glucose is transformed into lactic acid, which is oxidised and 
burnt off in the blood. 

Let us now endeavor to follow some of the changes, first in diges- 
tion, and then in the circulation. The reader will bear in mind that 

VegeUble albumen, ) ( Albumen of blood 1 ,,1 u^i„- p v 

and vegetable Vare isomeric with V Albumen of flesh K r « ^ V?" " 
flbriner ) I Pibrine of fle«h | ^« "»•• "••* 

Consequently, when vegetable albumen and fibrine are digested 
into animal albumen, we may call it an isomeric transmutation. 
But when caseine, which is €«, N^ S, H«, O,©, is digested, it yields 
albumen and chondrine. Thus : 
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1 oq. Oaseine ) ^.„ .^i^ ( 1 eq. Blood albumen 
+ 10 eq». Water f ""^ ^^^^^ \ 1 '^ Chondrine, C„ N, H^ 0« 

Thus all ihe saDgaigenoas vegetable food is converted into alba- 
men. This albumen, if employed to form mnscular fibre, has 
only to be again converted into the isomeric fibrine of flesh. But 
if sdbumen is to yield tibe fibrine of blood, the change may be* as 
follows : 

+ 8 Water J j + i •« Gelatine C^ Nj, H« Oa 

Here we see the blood fibrine, which is most probably a product 
of the destruction of albumen or of fibrine of flesn, is produced along 
with gelatine and one of the acids of bile. Another similar change, 
yielding the other acid of bile, may be 



2 eoa. Albumen ) _ 
+ eqs. Water f ~ 



1 eq. Blood fibrine 
+ 1 eq. Cholio acid Cm N H«a Ou 
+ 1 eq. Gelatine 
. + 2 eqs. Salphnric aoid. 



We may suppose these two processes to be joined ; and then 4 
eqs. of albumen with 8 of water, will yield 2 eqs. of blood-fibrine, 
2 of gelatine, 1 of choleic acid, 1 of chofic acid, and 2 of sulphuric 
acid. Indeed, blood-fibrine, or hematofibrine, is probably only 
formed in consequence of the production of gelatine and bile, and it 
may be regarded as albumen, half converted into gelatine and bile ; 
for we have seen it formed with gelatine and choleic acid from 
albumen and water, and 

1 eq. Hematofibrine ) j 8 eqs. Gelatine 
+ 18 eqa. Water ){ + 1 eq. Choleic add. 

Consequently, whenever gelatine and bile have been formed, hemato- 
fibrine is to be looked for. We see, then, first, that when a young 
animal is fed on caseine (milk), the formation of albumen, necessary 
for the tissues, is accompanied by that of chondrine, the substance 
of which cartilages and the soft part of bones are formed ; secondly, 
that when gelatine, the matter required for membranes, is formed 
firom albumen, we obtain along witn it the acids of bile, essential for 
another purpose. If chondrine be required from albumen, it may 
be obtained as follows : 



1 eq. Albumen ) 



Water 

0z7gen J 



- 



4- 2«(|«» SalfAorlc Mid, 1 eq. HemfttoflbriiM 

deriTed from a1- 
bamen, m above 

+ 3 oq>> Chondrine, or 4- 4 Water 

+ » Oz7f«o 



Seqe. OeUtlBe 



+ leq. 

+ leq. 

'-H leq. 



Cboadrlne 
Choleie add 
UrieaeM 



1 eq. Hemato-) ( 1 eq. Albumen 1 eq. Hematofibrine *) 

fibrine I ^ ' — 



t4 Water f- 
10 Oxygen J 



(1 eq. Albumen 1 eq. Hematofibrine ^ 

-4- 1 eq. Cboodrine, or + 14 Water f 

4- 1 eq. Urio acid 4- » Oxygen J 



1 eq. Chondrin* 



4- leqe. 

4- leq. 

4- 12 eqs. Urea 



Choleie aeld 
Oholie acid 
eq. Uric aeid 



•qs. CarfaoBle I 
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Here we find that every one of the above changes is one of oxida- 
tion, and that, as it proceeds farther, we come to the constituents of 
the urine, and to carbonic acid. This, then, is the characteristic 
feature of the changes in the animal body. As long as albumen is 
to be formed, and even, to a certain extent, in the formation of gela- 
tine and chondrine, these three bodies being the chief materials of 
the tissues, the addition of water alone suffices ; but when oxygen 
oomes into play, the changes strike deeper, and we obtain the con 
stituents of bile and of urine, as well as carbonic acid, to be excreted 
by the lungs. When gelatine and chondrine have formed part of 
tissues, they, like albumen, become effete, and must be decomposed 
and removed. We have th^n : 

1 eq. ChondinA, ) ( 1 «q* Cholle add 1 eq. G«1aUne ) ( 1 eq. Gholio acid 

probably by a y=-{ -fS eqs. Urio add and + 10 eqa. Wat«r >•=:•( + 8 eqa. Urie add 
ftrmentatton ) (+8 ** Water ) (4-19 *" Water 

And we may also have, with albumen, 

^ (9 eqs. Choleio add. 

1 eq. Albumen I _ J + 2 " Cholic acid. 

+ 10 eqs. Water f ~ | +12 " Urea. 

+ 56 ** Oxygen J 1+86 " Carbonic add. 

There are certainly many intermediate stages, but of these little 
IS known. One, however, may by mentioned as probable, namely, 
the production from gelatine of creatine, hippuric acid, water, and 
earbonic acid. Thus, 

r 8 eqs. Creatine ( excreted in the 

1 eq. Gelatine ) i + 2 " Hippnrio add ) urine. 
+58 eqs. Oxygen ) " 1 + 12 ** Water excreted by lunffs and kidneys. 

t + 22 ** Carbonic acid, excreted by lungs. 

. Again, choleio acid fully oxidised will peld as follows : 

}f 1 eq. AmmonU 1 

_ J + 2 eqa Bolpborio add ) aU altinute prodi 

'-'1-U8 ** Cai%onicAdd f ofozidatloiL 

1-H8 - Water J 

Cholic acid, which contains no sulphur, will yield 

+12^:2; SvtT^' [ = ]+52:2;.cxr«dd. 

+ 122 eqs. Oxygen f J +40 *^ Water. 

When uric acid is produced, in warm-blooded animals, but a small 
part of it reaches the urine ; because, from their structure, only sol- 
able compounds can be excreted through the kidneys, ureters, blad- 
der, and urethra. The uric acid is therefore further oxidised ; and 



1 aq. Gbolde aeld (.^ J + 2 eqa Bolpborio add [all altinute prodoets 
■f 144 eqa. Oxygen 



leq. Uric add) 2 eqa. Ozalie add leq. Uric add) j 4 
•fJ eqa Water V=l eq. Urea or 4- 8 eqa Water V= 1 -f 10 
i-2 ^ Oxygen ( 1 ** Al]antoise+ 6 •> Oxygea ) ( % 



1 eq. Uric aeld ) 2 eqa. Oxalic add 1 eq. Uric add ) j 4 eqa Ammonia 

■" " ' ' V= "I +10 *• Carbonic add 

Urea 
or-{ 4 •• Water 

f 8 ** Carbonic add. 



In this manner the insoluble uric acid is converted, by oxidation, 
into soluble products. Oxalic acid is obviously the result of imper- 
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feet oxidation, and meeting with lirae in the bladder, forms the ox- 
alate of lime or mulberry calculus. Allantoine, also a product of 
imperfect oxidation, is found in the allantoic fluid, the urine of the 
fetal animal, and in that of very young animals. With full oxida- 
tion of the uric acid, only urea, water and carbonic acid, or ammo- 
nia and carbonic acid, are formed. The ammonia, if in exceasi 
throws down earthy phosphates in the bladder, and thus gives rise 
to the phosphatic calculi. The uric acid calculi, the commonest of 
all, depend on the deficiency of oxygen, or what is the same thins; 
excess of sanguigenous, and particularly of gelatinous food, as wdl 
as on sedentary habits, which diminish the amount of inspired air ; 
and lastiy, on deficiency of alcalies, the presence of which is neces- 
sary to promote the oxidation of the uric acid. 

In the changes we have thus briefly described, by which the tis- 
sues are wasted, the nitrogen of these tissues takes ultimately the 
form of urea, and thus the quantity of urea secreted in a certain 
time is a measure of the amount of change or waste of matter in 
the system. An adult man secretes, on an average, about 463 
grains of urea, or rather more than 1 ounce avoirdupois in 24 hours. 
The quantity of uric acid in normal urine is so small in comparison 
that it hardly amounts to j^j^ of the weight of the urea, and may 
therefore be neglected. 

It has been proposed to observe and record the daily secretion of 
urea in health and disease, as an important fact in physiology and 
pathology, and for this purpose various methods have been proposed 
for determining the percentage of urea in urine directiy and quickly. 
Perhaps the best is that of Liebig, which is founded on the fact^ 
that urea forms with peroxide of mercury a white compound, insolu- 
ble in water. He employs a neutral and diluted solution of pemi- 
trate of mercury, of known strength. This is added to a known 
volume of urine as long as it causes a white precipitate. But as the 
nitric acid set free prevents the complete precipitation, the liquid is 
now neutralised exactly by baryta water, and the pemitrate now 
causes a further white precipitate. These operations are repeated, 
until at last a yellow precipitate bc^ns to appear, which is a proof 
that all the urea is precipitated. The volume of pemitrate employ- 
ed being known, and previous experiments having ascertained how 
much urea is precipitated by 100 volumes of it, it is easy to calcu- 
late the urea present in the urine under examination. 

Another form of this process is as follows. To the urine is added 
half its volume of a mixture of equal parts of the saturated cold 
solutions of hydrate of baryta and nitrate of baryta, which precipi- 
tates the whole of the sulphuric and phosphoric acids present To 
the filtered liquid the neutral and diluted solution of pemitrate of 
mercury of known strength is added by degrees, until a drop of the 
liquid, tested with carbonate of soda, gives a yellow precipitate, 
which shows that a slight excess of pemitrate has been added. 
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In either case if any given volume of urine, say 10 cubic inches, 
requires 30 cubic inches of the normal solution of pemitrate, and if 
we have made this normal solution of such strength that 1 cubic inch 
of it corresponds to 1 grain of urea, then the 80 cubic inches em- 
pWed will indicate 30 grains of urea in the 10 cubic inches of urine. 

We have now to attend to the formation of caseine (in milk) from 
albumen or fibrine, isomeric with it, in the animal body. This change^ 
like the others, depends in some degree on oxidation. 



2 eqs. Albumen ^ 
+ 4 ** Water V may yield 



+ 6 " Oxygen 



'1 eq. Caseine* 
1 ** Gelatine 
1 «* Cholicacid 
1 " Uric acid 

, 2 eqs. Sulphuric acid. 



2 eqs. of albumen are necessary to yield one of caseine, because the 
latter compound contains more carbon, hydrogen, nitrogen, and oxy- 
gen than tne former. We have already seen that when caseine, in 
me young animal, yields albumen, it also yields chondrine, these be- 
ing the two substances most necessary for the young animal. Here 
we see that when milk is formed in the mother's body, it is accom- 
panied by gelatine, cholic acid, uric acid, and sulphuric acid, to be 
einployed in her own organism. 

Let us now consider the albumen of eggs, which differs from that 
ct blood, as follows : 

Blood albumen is Qn* N^r S^ H,** 0«8 

Egg albumen is Cm Nm B| Uim Oes 

The difference is 9 eqs. of nitrogen and 1 of sulphur more in egg 
albumen than in blood albumen. In the body of the fowl we may 
sappose that 

4 eoB. Carbonic acid. 



8 eqs. of Blood albumen ) „. i^ 
+ 80 *^ of Oxygen f y*®*"* 



2 " Egg albumen 
+ 4 ** Cholic acid 
+ 2 " Urea 
+ 1 eq. Ammonia 
^ + 72 eqs. Water. 



And during incubation, or in the stomach or circulation of an animal, 

II eq. Blood albumen 
+ 4 eqs. Urea 
+ 1 eq. Ammonia 
+ 4 eqs. Carbonic acid 
+ 8 ♦ ' Water. 

Of course fat and oxygen may supply the place of sugar, since, as 
we shall nee, fat is sugar minus oxygen. Now, the yolk of egg is 
rich in fat, and is said also to contain sugar ; while the food of ani- 
mals, in addition to eggs, when they are used, always contains starch, 
sugar, or fat. And it is quite certain, that all the tissues are formed 
in the egg from egg albumen and the oil or sugar of the yolk, aided 

* It has been stated, that caseine is posisibly the albuminate of potash. 
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by oxygen ; as also, that in the aDimal body, all the tissues may be 
formed, or blood produced, from eggs, especially with starch, sugar, 
or fat 

We have now considered, as fully as our space permits, the rela- 
tions of the sanguigenous compounds to each other, and to the tis- 
sues, and w^e have seen that these compounds are formed in plants, 
and that in animals they are mutually convertible, sometimes by an 
isomeric transmutation, as when fibrine is dissolve^ into albumen — a 
process capable of being imitated out of the body, and at the other 
times with the aid of water, or of water and oxygen. In no case 
is free oxygen given out, as in plants ; but the final result is, that the 
oxygen taken up in the lungs is given out as carbonic acid and water. 
We have not entered into details as to the coloring matter of the 
blood or hematosine. This is albuminous, and contains iron. Hence 
the use of iron in the food. We do not know its exact compofiition, 
nor where it is formed. But we do know that the purest and 
whitest blood fibrine also contains iron, and hence possibly one func* 
tion of this hematofibrine is to yield the material for hematosine. 

There remains one more substance, which certainly assists mechani- 
cally in the formation of tissues, and probably is essential to the 
Production of cells and of blood corpuscles. This is fiEit, which we 
ave seen to be non-nitrogenous, and to be formed abundantly in the 
vegetable kingdom. Many kinds of food contain fat or oil ready 
formed, and, as we have seen, it enters the blood in some obscure 
way, to which the bile and probably the pancreatic juice contribute. 
It IS never absent fi'om blood. But fat, which is not a sanfiruigenons 
compound, can also be produced from starch and sugar in tne animal 
body. The bee forms wax, a true fat, from honey ; and animals 
abundantly fed with grain, which contains only traces of fat, and so 
situated as to suffer from deficiency of oxygen, become rapidly 
loaded with fat. Thus ortolans, when kept in confinement, which 
reduces their respiration, and in the dark, which leads them to feed 
voraciously, by a natural instinct, on the admission of light, may 
thus be led to feed many times a day on grain, and rapidly become 
absolute balls of fat. When geese are prevented from moving, and 
crammed with maize or wheat, their livers become so charged with &t 
as finally to be unfit for their proper functions, and greatly enlarged. 
And stall-fed cattle are notoriously much fatter than such as have to 
travel far in search of food, while wild animals are almost always lean. 
These facts prove that fat is formed from starch, which first be- 
comes sugar, in the animal body. In this particular the animal 
resembles the plant ; but in the animal, the oxygen separated from 
su^ar to convert it into fat, is not given out, as m the plant. It is 
either at once converted into carbonic acid and water, or added to 
the oxygen taken up from the air, and used for the same purposes. 
Thus we see that the power of the animal to deoxidise sugar, which 
he employs when oxygen from the air is deficient, supplies that defi- 
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oieDcy. To illastrate tins, the reader most be reminded that fiats 
and fat oils are compounds, of oxide of glyceryle or oxide of lipyle, 
C5 H4 O^ or C, Hf O, with fatty or oily acids, chiefly of the series 
(C. B.f,)^y O4. Such a neutral fat, consisting of margaric acid and 
oxide of lipyle, is the chief ingredient of human fat, and is called 
margarine. If the acid be oleic acid, the fat is called oleine ; if the 
acid be butyric acid, butyrine, and so on. Now, every fatty or oily 
acid, as well as oxide of lipyle, may be derived from sugar by de- 
oxidation, and in the case of oleic acid, C^ ^n O4, and oxide of 
lipyle, C« H4 0|, both of which contain an excess of carbon over 
hydrogen, by deoxidation and loss of water. Thus : 

1 eq. Sugar C|t H^ On, losing 4 eqs. of oxygen, yields 2 eqs. propylio acid = 

2 (C. H« O4). 
1 eq. Sugar Cn Hn Oit, losing 4 eqs. of oxygen and 4 eqs. of water, yields 2 

eqs. oxide of lipyle = 2 (C« H4 Oa). 
8 eqs. Su^r C|« H|« Om, losing 82 eqs. of oxygen, yield 1 eq. stearic acid =r 

Cm Ss« O4. 
8' eqs. Sagar Cm Hm Om, losing 80 eqs. of oxygen and 2 eqs. of water, yield 1 

eq. oleic acid = Cm Hm O4. 
17 eqs. Sugar 17 (Cd U^ On), losing 180 eqs. of oxygen, yield 6 eqs. margario 

acid = 6 (Cm Hm O4). 

This table sufSces to show that all fatty acids of the acetic series, 
such as propylic, margaric, and stearic acids, are derived from sugar 
by simple deoxidation, and that oleic acid and oxide of lipyle are 
derived from sugar by the loss of oxygen and water. Let us now 
take one fat, margarine, which is composed of margaric acid and 
oxide of lipyle. 

Sagtr. IfMiwIe add. Osid* of lipyl*. Oxynn. Wattr. 

17 eqs. yield 6 180 
8 eqs. yield 6 12 12 

GoDBeqnently 20 eqs. yield 6 6 192 12 

V y ' 

f aqa. MarfarlM. 

that is, 6 eqs. of margarine, 12 of water, and 192 of oxygen. 

Let us now revert to the oxidation of albumen, and we find that 



4 eqi. Choleio acid If 4 eqs. 

1+ 8 ^* Cholieaeid ) I-f- 40 ^' 

+ 1J •• Urea f-iJ. 32 " 

-+a6 " Carbonic acid J 1+192 " 



Albvineii 
4 eqi. Albumen 1 + 8 '* Cholie acid } I + 40 " Water 
+ 40 •' Water I -f 12 " Urea f-i_L 32 " Oxjgen from the air 

4-224 " OxTfeo f " +26 " Carbonic acid J [+192 " Oxjjren ) 

from the air j 6 '* Matfarine > -^ 20 eqi. snmr 

12 •• Water ) 



Here we see that on the left hand the albumen is oxidised by the 
air alone, but on the right hand is represented as unable to obtain 
more than 82 eqs. of oxygen, out of 224 that it requires from the 
air, and as procuring the remainder from 20 eqs. of sugar, which, 
3rielding 192 of oxygen, form, at the same time, 6 eqs. of margarine 
or fat, and 12 of water. This proves that the formation of fat from 
sugar in the animal body, which certainly takes place, is a source 
whence the blood may obtain oxygen N\hen respiration is impeded. 
Were it not for this, an animal kept from fiee motion would soon 
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die from the accamulation of nnoxidised matters in the blood. In- 
stead of dying, the animal lives ; but, if supplied with starch in his 
food, obtains the oxygen necessary for the change of matter in the 
vital processes from the starch or sugar, and in doing so necessarily 
becomes fat. 

There is another process by which fat may be formed in the body, 
and which does not, like this one, depend on a want of oxygen. It 
is, probably, in this way that the normal fat is formed, when there ia 
a full supply of oxygen, and it appears to be a species of fermentar 
tion, in which the liver seems to be somehow concerned, and hydro- 
gen gas is given offj which of course is inunediately oxidised into 
water in the body. Calfs liver, when placed in water, gives off 
hydrogen by a species of fermentation, and &t, the same as ocean 
in blood, is found at all times in bile. The supposed fatty fermen- 
tation of sugar actually occurs out of the body, as in the butyiie 
fermentation, but3rric acid being a true fatty acid, and being fooiid 
in butter and fiat, and in the fermentation of starch-sugar, where 
rutylic and margaric acids, of the same series, are product and are 
found, along vnui hydrated oxide of amyle, in the oil of grain or 
potato spirit. 

The following table will show the derivation of fatty acids from 
su^r by fermentation. It will be seen that acetic acid, which, 
although belonging to this series, is not oily, may be formed from 
sugar by a polymeric transmutation, but that all the rest are ob- 
tained by the separation of carbonic acid and hydrogen, always in 
eoual proportions. Most of the acids require so much sugar m 
will yield 3 eqs. of acid, and therefore we represent all as formed in 
that quantity ; but obviously, where the number of the equivalents 
of sugar is divisible by 8, we may trace the formation of 1 eq. of acid. 

Acid* Eqt. of Eq*. vt 

Sonr Kqt. of CWrbenlo Eqs. cf 

Nun*. Fonnaki. jMi. Add. Add. Hj dim ifc 

Acetic C4 H4 O4 1 8 

Propylio C« H. O4 2 8 .6 6 

Butyric C, H« O4 8 « 12 12 

Vftlerianic C,. H,o 0« 4 8 18 IS 

Caproic C„ H„ 0« 5 8 24 24 

(Enanthylic Cu H,« O4 6 8 80 80 

Caprylic C,. H,. O4 7 8 86 86 

PeWonic Ci« H,« O4 8 8 42 42 

Rutylio or ratic Cw H90 O4 9 8 48 48 

Mar>^aritic C« H« O4 10 8 64 54 

Laarostearic Cm H^ O4 11 8 60 60 

Cocinio C,* !!« 0* 12 8 66 66 

Myris*tio C,. Il„ O4 13 8 72 72 

Benic Cjo II.o O4 14 8 78 78 

Palmitic C„ !!« O4 15 « 84 84 

Mar^aric 0,4 lU O4 16 8 90 90 

Stearic 0^11^04 17 8 96 96 

Balenio C,, H« 04 18 8 102 102 

Aracliidic 044,114004 19 8 108 108 

Behenic C„ H43 O4 20 3 114 114 

Cerotio C»4 11^ O4 26 8 150 150 

HelUBio CmUmO* 29 8 168 168 
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It will be seen that 1 eq. of each of the acids — ^butyric, cenantbylic, 
nitylic, cocinic, palmitic, and balenic acids — might be derived from 
1, 2, 8, 4, 5, 6, and 9 eqs. of sugar respectively. Also, that the 
number of eqs. of sugar required to yield 3 eqs. of any acid is always 
exactly one less than half tnat of the eqs. of carbon in the acid. The 
derivation of oxide of lipyle and of oleic acid, both of which contain 
more carbon than hydrogen, from sugar, by fermentation, is probably 
not so simple as that of the volatile oily acids ; but it can hardly be 
doubted that they may be thus formed, as they are abundant in 
many animal fats. 

We conclude, therefore, that the origin of fat in the animal body 
IB threefold. First, it is derived, ready formed, from plants ; secondly, 
it is formed, in the absence of oxygen, or when oxygen is deficient, 
by the deoxidation of sugar, which thus supplies the oxygen wanted ; 
and thirdly, it is also formed by a species of fermentation, along with 
carbonic acid and hydrogen, the latter being converted into water 
by the oxygen of the blood. 

With reference to the tissues, fat is of great importance, as it 
aeems to aid in the formation of cells, and it exists, accordingly, like 
water ^ a wet sponge, mechanically in the substance of most tis- 
lues, from which it may be pressed out. It has an important share 
in producing nervous matter ; but perhaps its chief function is to 
•id in yielding the animal heat by its oxidation in the course of the 
circulation. To this we shall return hereafter. 

Let us now briefly consider the process of respiration. The 
▼enons blood, loaded with the carbonic acid which it has brought 
from the remotest capillaries, where every change leads finally to 
the formation of carbonic acid, is sent to the lungs, and in the pul- 
monary cells exposed to the action of inspired air, separated from it 
by a membrane of extreme tenuity. Here the laws of diffusion of 

fases, in contact with an absorbent liquid, come into play. The 
lood gives oflf carbonic acid, and takes up hydrogen in its stead. 
The separation of the carbonic acid from the venous blood, which is 
absolutely essential to life, cannot take place in an atmosphere con- 
taining much carbonic acid. Hence, if the inspired air contain 10 
per cent or upwards, of carbonic acid, and only 10 per cent, of oxy- 
gen, the blood does not get rid of its carbonic acid, and death ensues. 
This happens when animals are forced to breathe the same air for a 
long time, because every respiration adds to the carbonic acid and 
diminishes the oxygen. Even with 1 per cent of carbonic acid, and 
19 or 20 per cent of oxygen, oppression is felt. But if, while car- 
bonic acid be added, oxygen be also added, the air will still admit 
of the diffusion of carbonic acid from the blood. It has been shown 
that animals can live in air containing from 17 to 23 per cent, of 
carbonic acid, provided it contain 35 or 40 per cent, of oxygen ; 
iH> that the poisonous action of carbonic acid <l(*])enils on its prevent- 
ing the diffusion outwards of the carbonic acid of the blood. Hence 
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the importance of ventilatioD. The air in a crowded, ill-ventilated 
room, soon becomes unfit for diffusion, because, while the oxjgen is 
diminished, the carbonic acid is increased. The expired air, with 
normal respiration, instead of at most j^^ of carbonic acid, the 
quantity in the atmosphere, contains 3*5 to 5 per cent. ; that is, from 
S 5 to 50 times as much as the air inspired. With very deep respi- 
ration, the carbonic acid in expired air increases to 85 or 90 times 
that of the inspired air. The oxygen in the former case is dimin- 
ished from 20 to 15 or 16^ per cent ; in the latter, to 11 or 11^ per 
cent. In the blood, these two changes balance each other, for it absorbs 
oxygen, and gives out carbonic acid nearly, but not quite, in the 
same volume, a part of the oxygen absorbed being converted into 
water. The blood has the very remarkable property of absorbing 
both oxygen and carbonic acid, the former by means not yet fully 
understood, the latter by the presence of alcaline salts, which means 
enable it to absorb far more of both gases than an equal bulk of 
water could do. Blood can absorb 13 or 14 times more oxygen 
than water. Whichever be the gas present in largest quantity, is 
readily given out in an air containing little of that gas, but is not 
given out in an air in which much of the gas is present The 
density or rarity of air is a matter of far less consequence, than that 
it should contain little carbonic acid, in order to allow the venous 
blood to give off its carbonic acid. When it can do so, it takes op 
oxygen, and becomes arterial, and is then sent to the left auricle, 
and, entering the left ventricle, is sent to carry its oxygen to all parts, 
and exchange it for carbonic acid, probably product by previous 
supplies qf oxygen. 

Verdil has recently discovered, in the parenchyma of the lungs, 
a peculiar acid, which he has named pneumie acid. The acid liquid 
obtained by chopping the lungs small and mixing them with distill- 
ed water, is strained, and coagulated by heat, to separate albumen. 
It is then neutralised with baryta water, and evaporated to f of its 
bulk in the water bath. Sulphate of copper is now added to sepai^ 
ate the last traces of albumen, with fatty matter, dec, and any excess 
of the sulphate is precipitated by a little sulphide of barium. The 
filtered solution is now evaporated till crystals of sulphate of soda 
appear, a little diluted sulphuric acid is added, and the whole is 
boiled with absolute alcohol, which dissolves the pneumie acid, lear- 
ingthe sulphate of soda undissolved. 

The new acid crystallifies from alcohol in brilliant needles, forming 
radiate groups. At 212° it loses no water. Heated more strongly, 
it raelta, and is decomposed. It is very soluble in water, insoluble 
in cold, but soluble in boiling alcohol, insoluble in ether. It forms 
crystalline salto with bases, and expels carbonic acid from the car- 
bonates. 

Its precise formula is not known, but it is said to contain carbon, 
hydrogen, nitrogen, sulphur, and oxygen. 
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The function of pneomic acid is as yet unknown, but, like lactic 
acid, it probably exists in the blood or tissue combined with some 
base. 

The way in which the oxygen and carbonic acid are absorbed by 
the blood, and yet so easily given off when wanted, may be illus- 
trated by other chemical changes. From the change in color of the 
blood-corpuscles, they are probably the substance to which the 
oxygen is attached, when absorbed. If an engraving be exposed to 
the vapor or gas of iodine, the ink will take up iodine, in proportion 
to its thickness ; and if the engraving be now pressed on paper 
covered with starch and moistened by an acid, a blue impression is 
obtained. Here the iodine leaves the ink for the starch. If the 
blue impression be now placed in contact with silver or copper, the 
iodine leaves the starch for the metal, and if the silver or copper 
plate be now exposed to the vapor or gas of mercury, the mercury 
will attach itself to the parts not acted on by the iodine, as in the 
daguerreotype, and produce a daguerreotype copy of the engraving 
without the aid of light Now we may suppose the blood-corpuscles 
to take up oxygen, to yield that oxygen to the effete tissues, oxi- 
dising them, and then to take up the carbonic acid and convey it to 
the lungs, where it is given off by diffusion. An animal dies in- 
stantly in pure carbonic acid, because in that gas no diffusion of 
carbonic acid can take place ; but it lives for a time in hydrogen, 
because in that gas the carbonic acid can leave the venous blood, 
and the oxygen already in the lungs can support for a time the 
yital process. 

We see, then, that the arterial blood conveys oxygen to all parts 
of the system, and that this oxygen is given out by the venous blood 
as carbonic acid, and as water by the lungs, skin, and kidneys. This 
oxidation of carbon and hydrogen not only carries on the vital 
chemical changes, but also yields the animal heat, which is there- 
fore produced, not in the lungs, but everywhere, chiefly in the capil- 
laries. Now a working man consumes nearly 14 oz. of carbon, and 
produces about 25 cubic feet of carbonic acid in 24 hours, contain- 
ing about 37 oz. of oxygen. Tlie quantity of water produced is 
also ascertained, for all the oxygen is not converted into carbonic 
acid. And if we calculate the amount of oxygen consumed in 24 
hours, and knowing how much of it becomes carbonic acid, consider 
the remainder as forming water ; we can then deduce, from the 
known amount of heat given out in the conversion of so much oxy- 
gen into carbonic acid and water by combustion, the amount of heat 
which ought to be given out in the slow oxidation of carbon and 
hydrogen in the body, which is the same as in combustion, only 

Sjread over a longer period. This calculation is found to agree 
osely with the amount of animal heat, as directly observed, and 
therefore we are satisfied that the animal heat is entirely due to the 
chemical changes, all depending on oxidation, which go on in the 
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body. It is evident that the animal heat is promoted by every thinff 
that increases the supply of oxygen, as incrisased respiration, or col^ 
which, rendering the air denser, supplies its own antidote, within 
certain limits, provided the food be abundant ; and that clothing, 
which prevents loss of heat by cooling, renders a less amount of 
oxygen and of food necessary. Hot weather, or a hot climate, has 
the same effect, and reduces the appetite for food, which is the fnel 
to be burned in the animal furnace to produce heat In cold cli- 
mates, much more food, and especially more respiratory food, such 
as fJEit, oil, blubber, and the like, is instinctively consumed. 

It is obvious also, that since carbon and hydrogen are the chiei 
sources of animal heat in their oxidation, while nitrogen and its 
compounds are hardly combustible, the chief portion of the auimjd 
heat must come from the non-nitrogenous food, starch, sugar, and 
fat, hence called respiratory food. Indeed, so low is the combusti- 
bility of the sanguigenous food, that we may say that all the heat 
comes from the respiratory matter : for we find the proportion <rf 
carbon to nitro^n in the solid and liquid excreta to be as ereat^ or 
greater, as in albumen, &c. Now, since the whole nitrogen is found 
m the excreta, it is evident that these contain also the whole carbon 
of the albuminous matters, or, at least, a quantity equal to it ; for 
while the tissues contain, for every equivalent of nitrogen, 8 eqs. of 
carbon, urine contains, in man, only about 1*8 or 2 eqs. of carbon 
for 1 of nitrogen. Here 6 eqs. of carbon have disappeared for 
every eq. of nitrogen. But in the horse, the eqs. of carbon are to 
those of nitrogen m the urine as G'6 to I ; in the cow, as 8, or even 
as 16 to I ; in the pig, as 10 to. 1 ; so that in these latter cases the 
tissues cannot be supposed to have contributed much, if any thing; 
to the animal heat 

Hence the food of animals should contain a due admixture of 
sanguigenous and respiratory food, the former to supply the waste 
of the tissues, the latter to supply the animal heat The sangui- 
genous food is albumen, fibrine, or caseine ; the respiratory, starch, 
sugar, or fat The following table, from Liebig^s Letters, to which 
the reader is referred for full details, shows the relative proportions 
of sanguigenous and respiratory matter in various kinds of food, the 
respiratory food, for the sake of comparison, being calculated as 
starch. 

TABLE OF THE EBLATITE PROPORTIONS OF. THE SANGUIGENOUS TO TBE 
TORT CONSTITUENTS IN DIFFERENT KINDS OF FOOD. 
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QA _ . j 8-8 fat, and 
^" - "j 10-4 milk sugar. 


Ck>w'8 milk contains, for 


10 


Human milk 


«( 


10 


40 


Lentils 
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10 


21 


Horse beans 


II 


10 


22 


Peas 


II 


10 


28 


Fat mattoD 


« 


10 


27 = 11-26 liit 
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Fbt pork oonUint for 10 80 = 12* 6 fkt 

mef " 10 17 = 7-08 « 

Hare " 10 2 = 0O8 " 

Veal * 10 1 = 0-41 " 

Wheat flour " 10 46 

Oatmeal ** 10 50 

Bye flour « 10 67 

Bariej « 10 67 

PoUtoei^ white *< 10 86 

PoUtoet.blae " 10 115 

Riee « 10 128 

Buekwheat " 10 180 

Here we see that milk and grain, the two best forms dT natoral 
food, contain, for one of sanguigenous, 3 to 6'^ of respiratory mat- 
ter. Fat meat lias also 1 to 3 or 1 to 2*7, and a^ees with, peas and 
beans very nearly. Lean bee^ hare, and veal, have far tioo little 
ieq[>iratory matter, only 1-7, 0*2, and O'l, to 1 of plastiaor sangui- 
genous food ; while potatoes, rice, and buckwheat, have 8*6» 11*5^ 
12*3, and 13 of respiratory, for 1 of sanffuigenous matter^ For this, 
vaason, respiratory matter should be aoded to lean meat, and also 
to peas and beans ; but sanguigenous matter should be added to 
potatoes and rice. This explains the instinctive and iniversal use of 
Deans with bacon, pork with peas pudding (bacon containing very 
little sangui^nous matter), veal with ham, potatoes and rice with 
kail meat, flour and butter with eggs (which are very rich in alba- 
men). The best proportion for a working man is about 5 of reapi- 
ntory for 1 of albuminous food, and for a younganimal, 3 or 4 of 
respiratory to one of sanguigenous matter. These proportions, 
wkioh are those of irrain and milk, are easily obtained in the mix- 
tnw. above named.* 

When the proportion of respiratory matter is too small, then a 
laise amount of sanguigenous matter must be used to supply heat, 
which is a great waste, since such matter is the worst source of 
heat Thus, to obtain the same amount of heat, we must use : 

Fat 100 parts : Baspiratory food^ 

Btarch 840 " " '^ 

Cane-sugar 249 ** **^ *^ 

Gmpe-sugar 8S8 " " *«• 

Spirits, at 60 per oont. of alcohol 866 «^ '* ^ 

fresh lean meat 770 ; Sangoigenaiia ft>od. 

Aleohol belongs to the respiratory class ; and, therefeie, if property 
diluted, and used as an addition to sanguigenous food, such as lean 
ftieat, cheese, eggs, or peas and beans, it is useful, rather than hurt- 
fbl. But if added to food already containing 5, 6, 10, or 15 parte 
of respiratory, for 1 of sanguigenous matter, it is hurtful, as reducing 
tfM proportion of the latter still further. Now when the food con* 
liiDe too little sanguigenous food, enormous quantities of it are re- 
fdred to supply &e waste of matter. Thua it will take 128 porta 

26 
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of rice to supplj as much tissue as 33 parts of fat pork, or 125 of 
blue potatoes to yield as much tissue as 27 of lean beef. But the 
quantity of rice or potatoes which may be used is limited by their 
price, and also by their bulk ; for the necessary supply may be too 
bulky for the stomach which has to digest it, and of course a lai^ 
amount of respiratory matter is wasted in the use of such food. If 
the peasantry attended, or were taught to attend, to the due admix- 
ture of their food, they might cause their limited wages, to go much 
further than at present. But for details on this subject I must again 
refer to Liebig's Animal Chemistry, and to the third edition of his 
" Letters on Chemistry." 

The amount of bodily or mental work done is measured by the 
daily waste of tissues, muscular or nervous, &c^ and the daily food 
must contain, if health is to continue, exactly as much sauguigenoDS 
matter, and in an available form, as will supply the daily waste. 
With less, the body is wasted. With more, the blood is loaded 
with products of change beyond the normal standard, and disease 
ensues, if this go beyond certain limits. The respiratory food not 
only gires the animid heat by its oxidation, but protects a^inst ox- 
idation the blood and tissues. A full supply of it is equivalent to 
80 much clothing ; and vice versa^ warm clothing enables men to do 
with less respiratory food. 

Such is the relation of respiration to digestion and nutrition, and it 
will be seen that they are mutually indispensable. In digestion the 
food is rendered soluble, and prepared for assimilation and for oxida- 
tion. In respiration the blood is oxidised, and carries oxygen to 
assist in the waste of tissue eveiy where, while it gives off the car- 
bonic acid formed by previous changes. 

We have now to consider the mineral elements of food, and the 
share they take in the vital process. All food, capable of snstMii- 
ing animal life, must contain mineral salts. These are alcaline and 
earthy phosphates and sulphates, common salt, and oxide of iron, with, 
in a few cases, iodides, and in all a minute proportion of fluorides. 

The blood, in order to perform its functions, must be alcaline, 
and it is rendered alcaline either by carbonate of soda or by phos- 
phate of soda, PO4, 2 Na 0, H O, or by both. The first occurs in 
herbivora ; the second in camivora, ana in animals fed on grain, 
peas, &c^ alone ; the third in omnivora. It is very remarkable that 
two salts, so different in composition as carbonate of soda, Na O, C 
O,, and phosphate of soda, 2 Na O, H O, P O,, should yet closdy 
agree in being alcaline, and in their action on carbonic acid in the 
blood. They both readily absorb it, and as readily give it out ia 
another gas. 

But while the blood, the saliva, tlie intestinal secretion, the bile, 
and milk are alcaline, and the pancreatic juice either alcaline or 
neutral, the juice of the muscles, the gHstric juice, and the urine ef 
camivora and omnivora are add. Even tlie urine of herbivora, at* 
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though pennanently akudine, is acid -ftoiii excess of carbonic acid as 
it leaves the bodj. This soon evaporates, and the urine becomes 
•kaline from the presence of alcaline carbonates. The acidity de- 
pends, in the juice of flesh, on the presence of phosphate of potash, 
F 0« , K O, 2 H O, which is an acid salt, and yet is formed in close 
proximity to the alcaline phosphate of soda, the blood and juice of 
flesh being separated only by very fine membranes. An alcaline 
State of the blood is absolutely indispensable to its functions ; acid 
Uood is inconsistent with life. Hence every acid that enters the 
blood must be at once neutralised. And yet it is in close proximity 
to, and communicates by endosmosis and exosmosis with, an acid 
liquid, the juice of flesh, or gastric juice, or urine, and is constantly 
receiving uric acid and other acids. Vegetable acids, taken in the 
fiK>d, are speedily oxidised in the blood into carbonic acid and water, 
Mid only appear as alcaline carbonates. It would appear that the 
formation of tissues cannot go on without the presence of free phoe- 
phoric acid, or at least acid phosphates, while their destruction de- 
Boands the presence of free alcali, which we know to be favorable to 
oxidation. Thus, in the egg, the phosphoric acid is in great excess. 
As the lymph and chyle are also alcaline, the formation of the blood 
itself appears to depend on the presence of excess of alcali. The 
flesh of all animals is the same in respect to mineral matter ; but 
the blood, and of course the urine, of the herbivora contains less 
phos|^tes and more carbonates. 

The ashes of the food are either phosphates and sulphates alone, 
iS in flesh, grain, peas, ^fec, or phosphates, sulphates, silicates, and 
oarbonates, as in grass and green vegetables. They are partly solu- 
ble in water, partly insoluble. Now, in the body, the soluble parts 
of the ash are found in the urine, the insoluble m the solid excreta. 
*When the phosphoric add is not present in sufficient quantity to 
unite with all the bases, it forms insoluble salts with lime and mag- 
nesia, while the alcalies appear as sulphates snd carbonates. But 
where more phosphoric acid is present, the insoluble salts are, as be- 
Ibre, phosphates and silicates of lime, magnesia, and oxide of iron, 
while the soluble ones are phosphates and sulphates of the aloalies. 
Hence, knowing the nature of the ashes of the food, we can tell the 
aalta of the urme and fteces ; and by altering the food, we can 
change these at pleasure. The uric and hippuric acids formed in 
the change of matter, are found, so far as not oxidised in the urine, 
and the following table shows the composition of the urine with 
food composed of flesh, grain, and leguminous seeds, and also with 
grass, clover, turnips, potatoes, and fruit The earthy phosphates 
and carbonates, it must be remembered, are soluble in excess of acid. 

Since the soluble salts of the ashes of the blood are the same as 
those of the urine, and since we can afiect the nature of the urine 
by change of diet, we may not only draw conclusions as to the sola* 
Ub salts of the blood from the urine, but also modify these by diet 
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With (bod eoofliflting of Flesh, Braul, 
Pm8, Beans, Ac., the urine con- 
tains: 

Free Fhoephorie edd 

Phosphates ( lame, ) dissolved hy 
of I Magnesia, > excess of acid 

Phosphates'! 

Bulpnates 

Urates 

Hippnrates 



of the alcalies. 

Hiis Qfine \Bp&rmanmUw a 
Aoid urine usnally oontaLos 



acid. 
arie add. 



With food, such as Hay,Cl6T«r,'fiiniipa| 

Potatoes, Flmit, Ac., the urine con* 

tains: 
Free Carbonic aeid 
Carbonates ( lime, ) dissolved fat 

of ( Magnesia, f excess of add 

Carbonates j 

Snlphatea V of the alcalies. 
Hipparates) 

Tnis urine has a ttxuuwU add reac- 
tion, and a permanent aloaline one. 

It oontaina no phoaphcrio, and no nria 
add. 

When we oonaider the abeolute neoesBitj of phosphoric acid and 
the phosphates, as well as of the other mineral ingredients of food, 
to the vital changes, we see how important it is that the food should 
contain these in due proportion and admixture. This is the reason 
that fibrins done will not support life ; that yolk of ecg, cheese, and 
similar matters, also fail, when used alone, to support me. The fibvs 
of meat is rich in phosphoric acid, but has lost the alcalies of the 
juice : the yolk of egg is still richer in phosphoric acid, but wants 
the alcali of the white. Cheese is also nch in phosphoric acid, but 
requires the alcalies of the whey, and so on. Salt is useful, both 
with eggs and cheese, to suj^ly soda for the blood and bile ; indeed 
it is useful with all food, but still more with those substances. It 
appears generally to promote the secretions, probably from its add- 
ing to the solvent powers of water. Meat, boiled to rags, is fibrins^ 
and is only nutritious with the soup. Hence the continental habit| 
of eating the boiled meat, after the soup made from it, is rationaL 
All food, to be fully nutritive, must contain iron ; and those kinds 
of animal food, which are found by experience to yield less blood, af<6 
deficient in iron as well as alcaliiss. Such are milk, eggs, and fish, 
all of which are allowed to form part of the fitting or meagre diet 
of Cathotic countries. 

The reader will find, in Liebiff^ *' Letters on Chemistry,** numef^ 
ous analyses of the ashes of blood, flesh, milk, cheese, grain, fish, 
eggs, urine, and ftsoes, establishing the general principles here laid 
down, and the great importance of the mineral constituents. Ouf 
space is too limited to allow more than a statement of the principle^ 
that phosphoric acid in excess is required for the production of the 
tissues, and excess of alcali is required to form the blood, and ena- 
ble it to perform its functions of aestro3ring the tissues by oxidatioB. 
The blood, indeed, conveys to all parts the materials for the formn- 
tion of the tissues, but as that formation requires free phosphoric 
acid, it probably takes place out of the blood. 

We have already stated that food ought to contain a due propof^ 
tion of sanguigenous and respiratonr matter. In preparing it, cars 
should be taken to lose nothing of the mineral elements. Hence the 
salting of meat, which expels by exosmosis a great part of the juice 
with its salts, is injurious, unless the salts are replaced by a finee 
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of green vegetables, which oontain mach saline matter, aometimea 
10, 15, or 20 per cent, of the dried plant, or by preserving thejttice, 
boiling it down to get rid of the salt, and using it as sauce to the 
meat, or by adding the soluble extract of meat The system, so 
common in England, of boiling food of any kind in a laige quanti^ 
ty of water, which is thrown away, is also very bad. Vegetables 
ought to be stewed, with very little water, and the juice eaten with 
them. Meat ought either to be roasted, stewed, or if boiled for eat- 
ing, boiled as follows : The meat is thrown into boiling water, and 
kept at 212^ for a minute or two ; this coagulates the albumen of 
the juice near the surface, so as to form a kind of crust or coat» 
Cold water is now added so as to reduce the temperature to 165°, at 
which it is kept till fully dressed in the centre. The crust of albu- 
men keeps in the juice, and meat thus boiled is not only tender, but 
has all the flavor and nutritive power of roast meat. But if the soup 
be wanted, then the meat is put on with a little cold water, and 
8k>wly heated to bdling. The water enters and the juice is expelled; 
befOTe the albumen of the latter is coagulated ; and after boibngfor 
a little, the best possible soup is obtained. 

I{^ in countries like Australia, Buenos Ayres, and others, where 
oattle are killed for their hides alone, or for the bide and tallow, the 
ileah were thus exhausted, and the soup, using only about as much 
water aa meat, evaporated to a soft extract, this, the true extract of 
meat or portable soup, would be obtained at a cheap rate, and fur- 
Bish a valuable article of food, 1 part of which is equal to nearly 30 
oC fresh meat This is to be carefully distinguished from the porta- 
ls soup in hard gelatinous cakes, which consists chiefly of gelatine 
extracted, by long boiling, from meat and bones, and sometimes does 
Bot contain even ^itx of true extract Gelatine cannot yield blood, 
and is worthless as food, save perhaps in a very small proportion, to 
yield membrane. The true extract of meat is always soft, and does 
not gelatinise, and would be invaluable for convalescents and wound- 
ed soldiers. It is slightly deficient, compared with meat, in phos- 
phoric acid, but that is easily supplied by grain or peas. 

It is hardly necessary to point out the importance of salt as a 
chief source of sodium or soda for the blood and bile. The ab- 
sence of salt is sure to be injurious, and in countries where it is 
aoarce, it fetches a price equal to that of gold or silver. Animals 
instinctively take it, and search for it, and its effidcts on them, on 
their general health and all their secretions, are most marked. 

Of all food, perhaps good bread, made from the whole meal of 
wheat, oats, <Nr rye, is the most economical, since natove supplies in 
it the due proportion of sanguigenous, respiratory, and mineral mat- 
tier. But sinoe the fibrine of floor is identical with that of flesh, 
md fat corresponds to a certain amount of starch, &t meat agreea 
dAsely with bread, and has a better proportion of ingredienti than 
fiUMi baaiMi and lentik Henoe the doctrine of the vegetariaaa.iii 
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founded on a mistaken aasnmptioD, that there is a radical difference 
between meat and yegetables. It is certain that the stmcture of 
man fits him for the use, though not the exclusive use, of animal 
food ; and even the vegetarians do not exclude milk, cheese, and 
eggs, all of which are of animal origin ; the first about equal to 
meat in sanguigenous value ; the two last greatly exceeding it. A 
man may feed as fully, nay more fully, and form more blood on a 
vegetable diet, one of peas, for example, than on one of very fat 
meat. There is no known difference in the power of forming blood, 
between flesh and bread, if the flesh be mixed with sufficient hi or 
some starch ; and there is one reason why flesh should form part of 
man's food, besides that derived from the structure of his teeth and 
digestive organs, namely, that since the chief use of food is to supply 
the waste of muscle, the best substance for this must be the muscro 
of animals. The flrreat error in diet is not that of eating flesh, but 
of eating too much flesh, or too much sanguigenous matter, whether 
animal or vegetable. And the only true principle of diet is to ob- 
tain the necessary amount of sanguigenous matter, of respiraUny 
matter, and of mineral salts, no matter from what sources. In ap- 
plying this rule to man, a mixed animal and vegetable diet is obvi- 
ously the best ; both as being in the end most economical, because 
flesh is nearest of all to what it has to supply ; and because, although 
&t can replace the starch of vegetables as a source of heat, the 
ashes of vegetables yield a more ju>undant supply of alcalies. The 
instinct of man agrees entirely with this view, and, like all one-sided 
and exclusive ideas, vegetarianism is inconsistent with nature. Still, 
it is certain that men can over-eat themselves more easily with ani- 
mal than with vegetable food, and that they can live on vegetablea 
alone. But thev are not intended, by their structure, to do so, and 
even on vegetables may easily live too high, especially if milk^ 
cheese, and eggs be added. 

The abuse of fermented liquors is hurtful in two ways ; first, by 
the peculiar stimulus which alcohol, unless much diluted, exerts on 
the nervous system in some way unknown ; and secondly, by in- 
creasing the proportion of respiratory matter to sanguigenous, &r 
beyond the proper standard. By virtue of its strong attraction for 
oxygen, alcohol is first oxidised, while the food and tissues are 
imperfectly oxidised, and disease is thus induced. If the food 
already contain a full or large proportion of starch or fat, eveiT 
drop of alcohol is hurtful ; but when the food is too rich in sangoi- 
genous matter, wine and beer are wholesome. In proof of the fact 
that alcohol supplements the other respiratory food, it is observed 
that those who drink no wine consume far more biead, vegetables, 
rice, or puddings, than wine-drinkers ; and the good health enjoyed 
by the natives of wine and beer countries, who use these liquofi 
fireely but not to excess, proves that alcohol is not essentially norfc-' 
fol, when properly diluted, bat acts as respiratory food. Ihoie 
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take much fat, butter, or oil, cannot take wine, and feel no desire for it 
If we wish to fatten an animal, its food ought to contain a large 
proportion of respiratory food, the excess of which, beyond what is 
reqnired for the animal heat, is converted into fat, and stored up in 
cells. But as sanguigenous matter is required for the change of the 
tissues and also to form the fat cells, an animal cannot be ^ttened, 
nor even live, on starch alone. 

We have now seen that the food is digested, entere the circula- 
tioD, restores the wasted tissues, and supplies during its oxidation 
the secretions, the excretions, and the animal heat It is, in other 
words, burned in the body, as in the furnace. The products of the 
complete combustion of the respiratory food, namely, carbonic acid, 
water, and ammonia, escape by the lungs and kidneys. The pro- 
ducts of incomplete combustion chiefly derived from sanguigenous 
food, are partly found in the bile, partly in the urine and faeces, 
where they represent the soot of the furnace, and in fact are, to a 
great extent, identical with some of the compounds found in tar, 
which is liquid soot Carbolic acid, for example, is found both in 
urine and in tar ; and urine also contains another acid, homologous 
with carbolic acid. The ashes are divided by water into the soluble, 
which appear in the urine, and the insoluble, which are found in the 
fieces, along with indigestible woody fibre, undigested starch, fetid 
products, which can be imitated by the partial oxidation of albu- 
minous matter out of the body ; and, lastly, tarry products, origin- 
ating in the same way. The a^es of the liquid and solid excreta 
are identical with those of the food, if that be uniform, but change 
with the diet 

So long as the vital force prevails, the oxidation in the body affects 
only the respiratory food and the effete or worn-out tissues. It pro- 
duces, however, as it advances, products which no longer obey the vital 
force, and, yielding to physical forces, crystallise. And these, such as 
hippuric acid, creatine, inosite uric acid, and urea, are destined to bo 
excreted. After death, the oxygen of the air, no longer opposed by the 
vital force, attacks the blood and tissues. The first effect is a degree 
of decay, and by contact of the decaying albuminous matter, now a 
ferment, with the entire albuminous compounds remaining, these 
putrefy, and are finally, by the process of decay and putrefaction, 
resolved into the organic food of plants, carbonic acid, water, am- 
monia, and sulphuric acid, while the ashes are restored to the soil. 

Now the circuit begins again, which we have already traced. 
The plant grows, and from carbonic acid, water, ammonia, sulphuric 
acid, and the mineral salts, forms its tissues and products, ready to 
become the food of a new generation of animals, which at death are 
again resolved into food for plants. And thus the balance is kept 
between the animal and vegetable kingdom, the atmosphere, water, 
and soil, or mineral kingdom, supplying the field of contest, and 
tfie neceasarj media. 
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Although, as we have seen, animals can form blood and tissoea 
either from albumen, fibrine, or caseine, provided the necessary salta 
be present, and therefore can convert those compounds into one 
another, there is no evidence that thej can form either albumen, 
fibrine, or caseine, as the plant does, from any substance not contaiii- 
inff one of them. On the contrary, the processes of animal life, 
being processes of oxidation and destruction, are opposed to thoao 
of vegetation. The chief vegetable products formed by animals are 
fat, benzoic acid, which is found in the urine of herbivora, and oxalio» 
acid. Starch has lately been detected in various parts of the body, 
but its origin is still doubtful. Glucose appears to be a normal con* 
stituent of the blood in some parts, and is probably formed in the 
body ; there is reason to believe that it is produced by the decom* 
position of albuminous matter. But all of these may be formed hj 
oxidation or by fermentation. Plants are characterised chemically 
by construction of complex molecules and deoxidation, animals l^ 
destruction of complex molecules and oxidation, and the products of 
each form of life are the food of the other. 

The food of camivora, being identical with their blood and muscle, 
the digestive apparatus is in them very simple ; and the fseces, con- 
sisting chiefly of insoluble phosphates, much less bulky than in 
herbivora. The respiratory part of their food is fat, present even in 
lean flesh. But as it is often deficient in quantity, they are com- 
pelled to bum a portion of sanguigenous matter for heat, a wastefiil 
expenditui-e of force. This is done by muscular motion, which 
rapidly wastes the tissues. Hence the restlessness and constant 
activity of carnivorous animals, even in confinement 

The remarkable fact already noticed, of the existence in all parts 
of the body of an alcaline liquid, the blood, and an acid liquid, the 
juice of flesh, separated by a very thin membrane, and in contact 
with muscles and nerve, seems to have some relation to the fact now 
established of the existence of electric currents in the body, and 
particularly to those which occur when muscles contract The ani- 
mal body may be regarded as a galvanic engine for the production 
of mechanical force. This force is derived trom the food, and with 
the food has been derived, as we have seen, from the solar rays. A 
working man, it has been calculated, produces in 24 hours an 
amount of heating or thermal efiect equal to raisins nearly 14 mil- 
lions of lbs. to the height of 1 foot, heat being one K>rm of mechan- 
ical efiect But, from causes connected with the ranffe of tempera- 
ture, he can only produce, in the form of actual work done, about 
as much mechanical effect as would raise 3,600,000 lbs. to the 
height of 1 foot, and that in 24 hours. Even this is a prodiffioos 
amount of force, and whether we regard it as derived nrom heat| 
electricity, or chemical action, it is ultimately derived from the lu- 
minous solar rays, on which vegetation depends. 

Onr space will not permit us to enter into detail on the chemieal 
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nature of the causes of disease, which are rUU very imperfectly uu* 
derstood. But some things are evident. Thus, if the digestion he 
so far impaired, hy any cause, as not to dissolve the necessary 
amount of respiratory matter, the tissues, no longer protected, are 
wasted by oxidation, and the products of this, such as uric acid, 
load the urine, as is seen in all febrile diseases. If this state con- 
tinues, the lungs, where oxygen is absorbed, become affected. When 
oxygen is deficient, combustible matter accumulates in the blood 
^yond the due proportion, and the liver is called on to work be 
yond its powers, in secreting bile or forming &t, and hepatic disease 
ensues, as we see in hot climates, when people indulge in full feeding, 
and respiration is languid. Should the food be too abundant and 
too rich in sanguigenous matter, this amounts to a deficiency of ox- 
ygen ; and i^ at the same time, there be a deficiency of alcali, no- 
oassary to promote the oxidation of effete matter in the blood, we 
hare the uric acid diathesis, or with a little more oxygen, the oxalic 
acid diathesis. Gelatinous food, which cannot form blood, and is 
deficient in alcali, and strong wines which contain no tartar, greatly 
promote this diathesis; light wines, which contain tartar, vegeta- 
bles which are rich in alcali, exercise in the open air, and moderation 
in sanguigenous diet, are the best remedies. On the Rhine, where 
lifi;ht wines are freely used, uric acifi calculus is unknown as a native 
disease, but with drinkers of port and sherry, this calculus, as well 
as its concomitant gout, are very frequent. A change of diet and 
mode of life, oii the principles we have endeavored to explain, will 
alter entirely the character of the urine, and of course of the blood« 
Hence the supreme value of diet and regimen as means of cure, 
acknowledged by all experienced physicians. It is probably in this 
direction, in the study of the secretions, and the means of changing 
their nature, that we may hope for the greatest practical improve- 
ment in medicine. 

One question is still very obscure, namely, how that portion of 
insoluble phosphate which is derived from the effete tissues reaches 
the intestinal canal. The earthy phosphates are insoluble in water 
and alcaline solutions ; hence they are insoluble in the blood. But 
yet they are conveyed, probably in some form of combination solu- 
ble in water, to the intestines. They are soluble in excess of phos- 
phoric or carbonic acid ; but the blood is never acid. But as the 
soluble forms of sanguigenous matter contain earthy phosphates, so 
it is possible that when such matter is destroyed, some of the pro- 
ducts contain these phosphates in a soluble form. Such products, 
however, are still unknown. Morbid- ossification probably depends 
on the absence or deficiency of such products ; and mollUies ostium^ 
in all probability, is caused by a morbid excess of phosphoric add 
in some part. In chloroHis, the number of red blood globules is 
diminished, and as these c/>ntain much iron, the disease is connected 
with a defect in the quantity of iron in the food, or perhaps with a 
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want of its proper solvent. This explains the benefit derived from 
the use of iron, under which the red globules rapidly increase in 
number in many cases. In all acute febrile diseases, and in all 
chronic diseases, which affect the digestive or nutritive powers, 
emaciation occurs, because the oxygen of the air, no longer opposed, 
bums off the tissues and wastes them. This explains the good 
effects of cod-liver oil, and other oily matters, such as olive-oil, 
butter, and ci*eam, in many chronic wasting diseases: it protects the 
tissues till the disease has run its course, if curable, and retards the 
fatal termination when the disease is incurable; provided the 
stomach have still the power of taking up the oil. The absence of 
salt deranges the whole vital process, and particularly the secredoii 
of bile, which requires soda, that is, oxide of sodium. But salt cer- 
tainly acts as salt, and has, for example, a wonderful power of com- 
bining with other substances, such as sugar and urea, with both 
of which it forms soluble crystalline compounds. It is hardly ne- 
cessary to mention that, if alcali, instead of free acid, should prev^ 
in the urine — for healthy urine is always acid — the earthy phos- 
phates are thrown down, and give rise to phosphatic calculus. 

When children are injudiciously fed on diet composed chiefly of 
starch, such as sago, arrow-root, and the like, there occurs a gineat 
deficiency of blood and of bone-tbrming matter ; fat accumulate8| 
but the frame is weak and rickety, from small muscles and soft 
bones. Children ought to have a M\ supply of sanguigenous food, 
and even bread contains too little for them ; milk or fle^ should be 
added. But whether fed on bread and milk, or meat and bread, 
there is apt to occur a deficiency of phosphate of lime, fh)m the 
rapid formation of bone. But as meat, eggs, and milk, contain an 
excess of phosphoric, that is, not enough of lime to convert the 
whole acid into phosphate of lime, P O,, 3 Ca O, lime is a good 
addition to the food of young children. It may be given in the 
form of lime-water, which the peasants of Germany give to their 
children with the best results, while the children, guided by instinct, 
greedily take it 

Since the products of the waste of tissues are sent out of the body 
by the lungs, the skin, the kidneys, and tlie intestines, we can see 
how the occurrence of an impediment, in any of these quartera, 
calls into increased action the others. Checked perspiration causes 
an accumulation of effete matter in the urine, which becomes loaded 
with products of imperfect oxidation. When, from any cause, such 
a check to perspiration, or to the due action of the lungs, this load- 
ing of the urine goes very fer, it begins to deposit a sediment, even 
in the bladder or kidneys. As Prout pointed out, the effect of s 
purgative in this case, is greatly to increase the action of the intes- 
tines, and thus to relieve tne blood and the urine, the latter acquiring 
its natural color, and normal composition. 

The use of tea, coffee, and chocolate has become, in some fbnn, 
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to all natioDs, as a necessary of life. Coffee, tea, and Guarana and 
Paraguay tea, used for the same purposes, all contain catieine ; 
while chocolate or cocoa contains theobromine, a body closely allied 
to caffeine. It would therefore appear that caffeine has a decided 
action on the system, promoting, in some way, the natural vital 
changes. Under caffeine, we have seen the very curious relation 
existing between caffeine and its derivatives, and uric acid and its 
derivatives. Besides this, caffeine closely approaches, in composi- 
tion, to creatine and glycocine. We may, therefore, conjecture 
that it aids the change going on in some parts ; that it gives a sense 
of refreshment and new vigor is certain, but we cannot yet trace its 
action, although it may very possibly promote the secretion of bile. 
One thing is remarkable, that no people, after once learning to use 
tea or coffee, ever give it up ; and that the chief effects of tea, cof- 
fee, and chocolate are the same, and that tea and coffee contain 
the same base, and chocolate an allied one. They also are rich in 
mineral salts. 

On all of the subjects which have been here so briefly touched upon 
in connection with the growth and nutrition of plants and animals, 
much more might be said, whether in reference to physiology, to 

r 'culture, or to medicine. But this would be out of place in an 
lentary work, and the reader who wishes for more detiiiled in- 
formation will find it in the works of Liebig, especially in the last 
edition of his " Agricultural Chemistry," and of his " Letters on 
Chemistry," and in a condensed form, in a small work which he has 
lately published, under the title of "Principles of Agricultural 
Chemistry." These works are rich in sagacious and comprehensive 
views on the most interesting questions. But the reader must re- 
member, that all such views, as well as those indicated in the present 
work, are not to be regarded as ascertained truth, but are only the 
beat conclusions wc can draw, in the present state of our knowledge, 
from the best-ascertained facts in our possession. They must infal- 
libly be modified, and in some cases, perhaps, refuted, by increasing 
knowledge ; but in that case they will be replaced by others cor- 
responding to the state of knowledge at the time. 



SUPPLEMENT. 



No department of eoienoe has made Boch rapid progreas as that 
of Organic Chemistiy, within the last few yeaia. Sinoe the last 
edition of this work, there has accumulated a vast number of facts, 
especially through the labors of the £ur(^)ean chemists. Many of 
these hare contributed greatly to advance the true theory of the 
manner in which the molecules of organic compounds are com- 
bined. But so rapidly have these discoveries accumulated upon us, 
that it is almost impossible to give them a methodical arrangement. 
Ihis is conspicuously true in the laborious work of QmeliD, just 
{nuing from the EngHsh press, and even in the latest edition of 
Oiegory, from which this edition is derived. 

In this supplement we shall not attempt any methodical arrange- 
ment of the new matter we introduce, for the time has not yet 
arrived when the sreat mass of valuable discoveries being made 
daily, are susceptible of being placed in that methodical arrange- 
ment necessary to a complete treatise upon Chemistry. Althou^ 
the late discoveries of uie English and German philosophers are 
greatly facilitating this desideratum, still many years will yet have 
to intervene, and very many new discoveries have to be effected, 
before we shall arrive at that stage of progress which will justify us 
in the task of giving to Organic Chemistry that true ammgement so 
necessary to its thorough comprehension. 

In the front of the book the reader will find a table of homo- 
logues. As these series are of the utmost importance, and as they 
may, in the progress of the science, prove still more so, it is neces- 
sary that the student should comprebend what is meant by homolo- 
gous series of organic compounds. The following remarks by Gre- 
gory present the subject clearly : 

We have already had occasion to speak of certain remarkable 
aeries of compounds, such as that of tne volatile oily acids. The 
recent progress of Organic Chemistry has shown that such series 
frequently occur; nay,^€^rhardt has founded on them his arrange- 
ment of organic compounds. But although it is more than prob- 
id>le that alf may one day admit of being thus classified, at present 
UtUe or nothing would be gained by luiopting that arrangement^ 
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which cannot yet be carried out. Yet the properties of snch groupe 
or series as are obvioaslj homologons are so strikingly analogous, 
that it is necessary for the student of Organic Chemistry to be 
acquainted with those which are best known. 

A series of compounds is called homologous, when each member 
of the series difiera from the others, either by a certain number of 
eauivalents of carbon and hydrogen, or by a multiple of it, and 
when the properties of these different compounds, although entirely' 
analogous, differ in degree, and that in proportion to the amount of 
carbon and hydrogen. 

To take an example, pyroxilic spirit, alcohol, and oil of potato 
spirit are three bodies belonging to an homoloffous series. They are 
homologous to each other. Let us examine their fonnule. 

Methylio Aloohol k d H« O, 

Alcohol is C« H« 0, = C. H4 O, + C, H, 

Propylio Alcohol is C« H. O, = C» H4 O, + «(C H,) 

Butylio Alcohol it C. H,, O, = C, H4 O^ + 8(0, H«) 

Amyllc Alcohol is C,« Hi, O, = C. U4 O. + 4(0. ^ 

In this table it is seen that raethylic alcohol. and alcohol differ bv 
Cs H, ; and that, at each step higher in the scale, Of Hf is added, 
so that methylic and amylic alcohols differ by Cg Hg = 4 times 
C| Hf. The third and fourth compounds, propylic and bntylic 
alcohols, have only very recently been discovered, but their exist- 
ence had long been preaicted. 

Now, every known member of this series has analogous proper- 
ties : they are neutral, volatile bodies, liquid in the lower part of 
the scale, above given, but solid and fusible in the higher parts 
where the carbon and hydrogen are in larger proportion. Tbej 
are, in short, alcohols. They all yield ethers, bearing the same re- 
lation to the respective alcohols as ether does to alcohol. They all, 
when oxidised, yield volatile acids, bearing to the respective alco- 
hols the same relation as formic acid to pyroxilic spirit, acetic acid 
to alcohol, and valerianic acid to oil of potato. In these alcohols, 
the boiling-point rises a certain number of degrees, about 34® F., 
for each Ug H, added. The melting-point of these alcohols rises at 
each step in the series ; but the precise amount of this rise has not 
yet been ascertained. The fact is well seen in these members of the 
series which, from being high in it^ are solid at ordinary or at low 
temperatures. (Dommon alcohol is not yet known in the solid state, 
but has been reduced to a thi(;k, oily stnte by a very intense cold. 
The density of the vapors of these alcohols also varies according to 
a fixed law, rising as the amount of Cg Ug, which is added at each 
step, increases. The density of the vapors varies also according to 
a nxed law. It will be observed that the ethers and the volatile 
acids, derived from these alcohols, form also homologous series, 
differing from each other by C, H„ or by multiples of Cf Hg. And 
eveiy derivative of pyroxilic spirit, which is the beginning or start- 
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ii^point of a parallel series, in which the compoBition varies as in 
the first ; while the properties, analogous in each series, yet vary in 
each in degree, according to a fixed law, as the amount of €« H| in* 
creases or diminishes. When an homologous series is once ascer- 
tained in a few of its members, the ultimate discovery of the rest 
may be safely predicted. In the series of alcohols, few are yet 
known ; besides the five above mentioned, not more than five or six 
others, much higher in the scale, some of which are of very recent 
discovery. The same is true of the ethers. A few years ago, only 
two of the acids of the series derived from alcohols by oxidation 
were recognised, namely, formic and acetic acids. But that series 
of adds is now complete up to 40 eqs. of carbon, inclusive ; and 
three are known beyond that point, the highest in the scale yet dis- 
eovered, containing 60 eqs. of carbon. It will be observed that the 
few homologous series above alluded to, have been discovered sim- 
phr by the analysis of the substances, and are therefore expressions 
01 &ct It is certain that the alcohols, the ethers, and the acids of 
these different series differ, in each series, by €« H^, or multiples of 
it; and that in each series the properties of all the members are 
analogous, yet differ in degree. We cannot doubt, therefore, that 
the d^erence in properties, so regular and graduated in each homol- 
eoons series, depends on .the equally regular and graduated addition 
01 d H| to the preceding molecule. 

Now, if we arrange in a horizontal line, the lowest members of 
the different series — of the alcohol series, for example, the ether 
aeries, or the acid series — we have only to add, under each, in a 
deecendiug vertical column, G| H| at each step, to obtain the com- 
poqtion of the whole possible members of each series up to 40, 50, 
QO, or 100 eqs. of carbon. And the principle of such a table is so 
aimple, that any one who has the first horizontal line can fill it up 
at once. 

If we take the case' of alcohols, we have seen that ethers and 
Toiatile acids are derived from them. But there are many more 
derivations, each of which finds its place in the horizontal line, and 
it the beginning of a vertical or homologous series. Of course, the 
compounds in any horizontal column, being derived from one, such 
aa alcohol, are not analogous to each other, but totally different in 
properties. But the whole members of any vertical series, in our 
aupposed table, are so analogous as to be included under the same 
name, and under one general formula. 

Now alcohol is not the true, theoretical foundation of the hori- 
MMital series derived from it, nor is ether, but rather the supposed 
xndical of both, in this instance ethyle, and in the case of pyroxilic 
•pirit, which is lowest in the scale, methyle. 

The first or fundamental horizontal column will contain, there- 
fosi methyle and its derivatives ; the next, ethyle and its derive- 
tirei; standing immediately under the former, with which they 
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are, in each vertical column, homologona. It is erident that thii 
nomber of vertical or homologona series depends on that of the 
derivatives in the first horizontal one. 

Now the derivatives of methyle are very numerous, and each ia 
the starting-point of a series of homologous compounds. In the 
table, here appended, we have selected a lew of the most important^ 
extending to seventeen members or derivatives in the horisontal 
Kne, and consequently seventeen homologous series in the vertical 
columns. 

At the head cf each vertical column we have placed the general 
formula under which its members are included. These general 
formulse would alone suffice to enable any one to construct the 
whole table. 

In these general formulse, „ is used to signify any given number 
of equivalents, and in this table, as well as generally, it stands for 
an even number, such as 2, 4, 6, 8, 10, <kc. If the number of equive* 
lents of hydrogen exceed that of those of carbon by I, then we write 
C, Hp + I, if it fall short by 1, we write C, H,— i, and so on. If 
^e wish to deduce, from the general formula, that of any particalar 
compound, we require only to know how many equivalents of car> 
bon that compound contains. Thus the general formula for the 
alcohols of this series is C. H, + , O, HO or 0, H, + , O,. Whet 
is the special formula of amylic alcohol f This alcohol yields^ when 
oxidised, valerianic acid, in which there are 10 eqs. of carbon. Now 
the number of eqs. of carbon is always the same in an alcohol and 
in the acid which it yields ; we have therefore 10 eqs. of carboiL 
But if, in this case, „ = 10, , + i must be = 11, and the formule 
for amylic alcohol becomes C,o H,| O, HO, or Ci, Hn 0|. 

In like manner, if we could obtain marsaric alcohol, we know; 
since margaric acid contains 34 eqs. of caroon, that the formula of 
margaric alcohol must be C^ H^ O, HO, or C14 Hm 0|. 

Column 1. General JbrmukL,C^H^ + X. This formula repre- 
sents the radicals of the methyle and ethyle series. Of these, five 
or six have been obtained, by Frankland and by Kolbe, in the sepe> 
rate form, and the names of these are given in the table. 

Column 2. Otneral formula^ C„ H„ + i, H, or 0, H, -f- 1. This 
series is homologous with marsh gas, the hyduret of methyle, C| H|, 
HorCjH^. 

Those lowest in the series are permanent gases, those above them 
highly volatile liquids ; those still higher oily liquids, and higher 
stul they are fatty and waxy fusible solids. This is true also of the 
radicals in the preceding paragraph. It is probable that one of the 
bodies described as paramne, as well as some paraffine oils, belong 
to this series of hydurets. 

Column 3. Oeneral formula^ C„ H, + , , O. This repreeenta the 
oxides of the preceding radicals, or ethers, of which ether is the 
type. A few only of these are known in a separate form, and efow 
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in combinatioxi. With acida, especially organic acids, they 
yield compouDd ethers, such as oxalic or benzoic ether. Those 
eontaining much carbon are solid. 

Oolnmn 4. C. H„ + I, O + HO, the hydrated oxides of the 
mdjcals, or alcohols, of which alcohol is the type. Like the ethei-s, 
abuf are volatile liquids in the first part of the scale, the boiling- 
jpoiat of which rises with the amount of carbon, and • fusible and 
volatile solids when the carbon exceeds a certain amount ; the melt> 
ing and boiling points of which, and the density of their vapors^ 
yary according to the same law, rising a certain number of degrees 
for each addition of 0| H| . The rise in the boiling-point is about 
W G^ or 34"" F^ for each addition of C, H,. 

CMumn 5. 0^ H. — i, the derived radicals, formed from those 
of tlie ethyle series by oxidation or dehydrogenation, of which 
aoetyie is the type. They are, as yet^ only known in combination. 
We therefore pass on to 

Column 6. General formula, C. H. — », H or (C„ H„),. This 
Mnes of hydurets is homologous with methylene, Cs H, H or Cs Hf , 
aad ethylene or defiant gas, C4 H|, H, or C4 H4. The former is 
the hyduret of fbrmyle, the latter the hyduret of acetyle. 

These compounds much resemble those of column 2, but differ 
tern them in being more readily acted on by chlorine, even in the 
daiiL They are, like the others, gases when low in the scale ; then, 
m we rise in the series, highly volatile liquids^ less volatile and oily 
li^pida, &tty and finally waxy solids. Various forms of paraffine 
and of paraffine oil belong to this series. 

Oolumn 1. C.,H. — 1, + HO, the aldehydes, or hydrated 
Andes of the immediately preceding radicals, of which aldehyde 
ia ths type. Several are known, and they are characterised by 
ndnciDg the salts of silver, so as to yield a mirror-like deposit ai 
metal ; while they pass, by oxidation, into volatile acids, which are 
ike hydrated teroxides of the same radicals, as aldehyde does into 
4M)etic acid. It has recently been shown, by Bertagnini and others, 
lliei the aldehydes form crystallisable compounds with bisulphite of 
yoUtih^ soda, or ammonia. By this means we can detect the prea- 
eMe of aldehydes in mixtnres, and even purify them from other 
vohtile liquids. 

Column 8. C H„ - , 0„ HO, or (C„ H.), O4. These are the 
vdatile acids already alluded to, and yield the most complete series 
of homologous compounds yet known. They are almost all found 
bk nature, and all but the two first are oily or fattv acids, the boil- 
iikgfoint of which rises about 19® C, or 34° F., for every step in 
the acale. The most abundant and important fatty acids, sucn aa 
alearic and roargaric acids, codnic and palmitic acids, and the acida 
at vax, belong to this series. 

Column 9. C. H, — , 0„ NH4 O, the compounds of the preoe^ 

26 
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ding acids with ammonia. These are here introduced, beeause, whm 
deprived of 4 eqs. of water, they yield the next series. 

Columns 10 and U, C.H. - , N, or CH, + „ C, N. Thefint 
of these formulae, which are isomeric, namely, column 10, repre- 
sents what are called nitryles, that is, compounds of nitrogen wMi 
the radical of the acid of the ammonia salt, from which the nitrjrlt 
is derived. Thus acetate of ammonia, deprived of 4 eos. of wata^ 
that is, of all its oxygen, and 4 eqs. of hydrogen, yiekb aoetoni- 

C4H,0„NH40 = 4HO+C4H,N. 

The second general fcnrmula, column 11, vepresents the cyanida^ 
not of the radical of the acid from which it has been fonned, but 
of the original radical of the ethyle series, one step lower in the 
scale than the acid. Such a cyanide must be isomeric with the 
nitryle of the acid radical. For acetonitryle, C4 H| N, is the aaae, 
empirically, as the cyanide of methyle, C| Uj + C| N. 

In point of fact, some of the nitryles really are such cyanides^ and 
it is possible that all may prove to be so. But it is also poesMe 
that both compounds may exist, and therefore we have given boA 
formulas. 

Columnl2. C, H, - , O, + C, H, + , O, or C. H, O4, the oo«. 
pound ethers formed by the combination of one of the volatile aoidi 
with the ether from which it is derived ; of these, acetate of oxide 
of ethyle, or acetic ether, is the type. If we represent them by the 

Senend formula, C. H, O4, the amount of C and H is alwa3r8 exadl^ 
ouble of that in the hydrated acid itself. Acetic acid is O4H1O41 
and acetic ether is Og £U O4. Many of this series are known and 
occur in nature. It must be observed that each ether can combiae 
not only with the acid related to it, which has the same number of 
e<js. of carbon, as, oxide of ethyle with acetic acid ; oxide of amyle 
with valerianic acid, ^ ; but also each ether can combine with all 
the acids, and each acid with all the ethers of the two seriea. ft ia 
only, however, when the acid and ether which combine have the 
same number of eqs. of carbon that the relations above pointed ooi 
hold good. Thus, acetic acid combines with amylic ether, ami 
gives the comnound Cio H,, O, C4 H| Ot = 0,4 H14 O4, which atOI 
comes under toe general fomaula, but in which the carbon and 
hydrogen are not double of those in the acid or ether, as in the c«e 
of acetic ether above given. The compound of acetic acid with 
amylic ether just named occurs in nature, and can be made arti- 
ficially. It gives the peculiar and agreeaUe flavor to the pear, 
while acetic ether contributes in part to that of the pineapple, aloog 
with another compound of the same class, butyric ether, that 1% 
butyric acid combined with oxide of ethyle, C4 H| O, C| H7 O^ « 
Cii H„ O4 . 

Column 13. C. H. + 1 CI, the chlorides of the radicab <tf the 
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•Ariio teries. Chloride of eUiyle is the type. Of coune siinikr 
•enee exist for the bromides and iodides. Several of them are 
known, and have been used with advantage in recent researches. 

Column 14. C^ !!« + i, S* The sulphides of the same radicals. 
Hitse are volatile fetid liquids, so far as known. 

Column Id. C. H. + b ^^ HS. The preceding, combined with 
Mlphoretted hydrogen, or, as they may be called, mercaptans. The 
^fpe is mercaptan, of the ethylic series, O4 H^ S, H8. These also 
are horribly fetid. Only a few are known as yet. 

Columns 16 and 17. 0. H. + b ^ Ht, the amides of the radi- 
eals of the ethylic series, which are isomeric, if not identical, with a 
very remarkable series of bases, already alluded to as derived from 
ammonia by the replacement of 1 eq. of its hydrogen by 1 eq. of 
one of these radicals. The last column, 17, contains the empirical 
Ibrmula of these bases, €„ H^ + s? N. Methylamine, Of H^ N, or 
eilhylamine, or C4 H7 N, is the type. Already six or seven of these 
bases are known. 

More columns might be added, almost ad infinitum^ as for exam- 
1^ the bisulphates of the oxides of the eUiylic radicals, which act as 
acids, and of which sulphovinic acid is the type. But the above 
wiU suffice to explain the doctrine of homologous compounds. It 
will be seen that when we know the formula of a compound, be- 
langiDg to this series, we can predict its general characters, physical 
mud chemical The former depend on its place in the vertical 
eolumn to which it belongs, the latter on the general formula ap- 
propriate to that column. For example, if I analyse a substance, 
and And its formula to be Ci, H,, 0|, or C|, Hi, O, HO, I observe 
tfiai it belongs to the general formula €„ H. + „ O, HO, that of the 
alcohols. If it be d, Hm 0„ or C» H„ O, HO, it belongs to the 
aldehydes, 0. H. 0| ; if 0, Hn N, it belongs to the bases, in column 
16, and in each case I know what its chemical characters will be. 
B«it the first, although an alcohol, will be less volatile than common 
fllo6h(rf ; the second far less volatile than aldehyde, perhi^ a solid 
it the ordinary temperature ; and the third, although a base, analo- 
gous to ammonia, will be a liquid at ordinanr temperature, less vola- 
Sfe than methylamine and ethylamine, which indeed are gases at or- 
Anary temperatures, but easily condensed. 

If the body analysed be of the formula C. H. O4, it must be either 
acid or neutral. If acid, it will be volatile and oily, or fatty, pro- 
vided it contain six or more eqs. of carbon. If neutral, it will be a 
iOiBpoand ether, see column 12, containing a volatile acid, united 
to an oxide of one of the radicals in column 1. 

It is more than probable, that every organic compound belongs to 
an homologous (or vertical) series, if we could only ascertain the other 
members of it And it can hardly be doubted that series will be 
dinovered, in which the common difference or addition at each step 
ii M>l C^ Hn but some other group. Yet C| H« af^pears to be the 
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oommonest, for there is another eeriea, or rather set of homologQai 
series, quite distinct from that here explained, in which the startinff- 
points are very different, but the common difference is still G| B^ 
In this there is an acid series, of which the starting-point is benzoic 
acid, C|4 He O4, and a basic series, of which the startinff-point is 
aniline, Cu H7 N ; besides varioos other series, all of which may be 
included under the name of the benzoic smes (just as the table 
above given may be called the ethylic series), in which C| H| is also 
added at each step. 

It will not escape the reader, that the foundation of the ethylic 
series is laid in inorganic chemistry. Thusmethyle, C| H|, the nnt 
radical, if G| H, be taken from it, yields H, that is, hydrogen ; its 
ether and its alcohol, minus C| Hf, alike yield HO, or water. Us 
acid, formic acid, C| Hf O4, yields O4, oxygen. Formonitryle, C| HN, 
is hydrocyanic acid, or cyanide of hydrogen ; chloride of methyle^ 
0| H| 01, minus Of H„ is hydrochloric acid ; sulphide of methyle^ 
minus Of Hf, is sulphuretted hydrogen ; and lastly, methylamine, 
0| Hs N, minus 0| Hf, is anunonia, the very type of the methyla- 
mine series of bases. Indeed, it is not easy, without analysis, to 
distinguish methylamine from ammonia. 

Hydrogen, then, is the true starting-point of the ethylic series ef 
radiods, and ammonia of the ethylic series of rolatiie bases. 

Such is the doctrine as exemplified in one well-marked instaiiee 
of homologous compounds, a doctrine which has already done mneb, 
and is destined to do much more, in simpliiying our knowledge, and 
enabling us to classify the immediate facts of organic diemis^. 

At the meeting of the British Association in Ipswich, M. Dunus 
drew the attention of the Association to the extraordinary analogy 
between homologous groups of organic compounds and certain 
small groups of ekmentary oodies, which have long been observed. 
The best example is that of chlorine, bromine, and iodine, whicli 
difier from each other precisely as do three contiguous horooloffoito 
compounds in the table ; that is, in properties. Thus chlorine is an 
easily condensible gas, bromine a volatile liquid, iodine a volatOe 
solid. In affinity, bromine is intermediate between chlorine and 
iodine, as it is in atomic weight This is obviously true also of tlia 
organic group, say, for example, of methyle, ethyle, and propyle, 4m 
of formic, acetic, and propylic acids, or of methylamine, ethy laminei 
and propylamine. M. Dumas is said by some journals to have 
drawn the conclusion that, since the equivalent of bromine is the 
mean between those of chlorine and iodine, therefore bromine ie 
made up of half an equivalent of chlorine and half an equivalent of 
iodine. But it is probable that he only indicated the possibility 
of this. 

Now, although M. Dumas may have been the first to point ooft 
strongly in public the remarkable analogy between the elementary 
groups^ ehlorinei bromine, iodine, potassium, sodinn, iithiomi 
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tte^ and homologous organic groups, such as methylamino, ethyla- 
niiie, and propylamine, jet it must not be supposed that this had 
escaped the notice of chemists. The author of the present work 
haa for several years pointed it out in his lectures ; nay, before the 
homologous organic groups were known, the late Dr. Turner and 
oth^ teachers, including the author, constantly drew attention to the 
analogy between chlorine, bromine, and iodine, as furnishing an argu- 
ment for their being truly compound. But they took a different 
view from that of M. Dumas, and one still more analogous to what is 
known of homologous bodies ; namely, that chlorine, bromine, and 
kxline had the same base or substratum, with a different addition m 
each case. And since the discovery of homologous bodies^ it has 
been regarded as highly probable by the author, and mentioned aa 
aooh in his lectures, that there is here also a common difference, 
oonesponding to O, H| in the ethylic series, the addition of which, 
IB increasing quantity, converts chlorine into bromine, and bromine 
jbto iodine. It is evidently unnecessary to suppose any difference in 
the quality of what is added, because we see, in the organic com*- 
pounds, that a difference in its quantity is amply sufficient to alter 
the density, the fusing and boiliuj^ points, <fec., &e. 

This has been explained fill ly, because M. Dumas has been said 
to have founded on these facts and hypotheses, an opinion that we 
may hope, on the principle laid down by him, to transmute one ele- 
ment into another. Thus we may hope to fuse one atom of chlo- 
rine and one atom of iodine into two atoms of bromine, <kc. And of 
oonrse, if we could discover any metal homologous with gold, as 
•odium is with potassium and lithium, we might expect to convert 
that metal into gold. 

The idea on which recent attempts at transmutation have been 
fbanded, is different. It is derived from the remarkable changes pro- 
daoed in both simple and compound bodies by a new arrangeuAent 
or grouping of the ultimate atoms into molecules of various size. 
Oharcoal, graphite, and diamond, are all carbon, yet how different I 
The two last cry^llise in forms geometrically distinct. So does 
aslphur, which also exists in a Uiird or amorphous state. Phos- 

torus is at one time a white, translucent, fusible, and easily com- 
stible body ; at another, a red substance, not easily fusible, and 
hardly combustible, save at a red heat, when it passes into the ffrat 
•tate. And compounds, although of the same composition in 100 
parts, may vary ad infinitum in character. Hence it was supposed 
that, by a new arrangement of the same atoms, a different, even 
akhough elementary substance, might be obtained ; and Dr. Brown 
ilated that he had thus converted carbon into silicon. Supposing 
this to be confirmed, it is easy to imagine lead or iron conv^tea 
iato gold. Even charcoal and diamond, although chemically idea- 
tiea), are physically far more different than are lead and gold, and, 
m alior^ tranamutation was clearly conceivable. 
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Bat, although this be the case, yet we must not iorfi:et thmt» untfl 
Dr. Brown's experiments be confirmed, the most widely differing 
forms of elementary bodies — of carbon, for example — all agree in 
some essential chemical properties ; for example, in yielding carbonio 
acid when burned in oxygen eas. Whereas carbon and silicon, evea 
in the alleged results of £>r. Brown, cannot be made to yield tha 
same products. We have no proo^ as yet, that the same atom% 
differentiy grouped, can yield a body wmch has entirely new and 
permanent chemical properties. This is conoeirable, and, strictly 
speaking, possible ; but we have, as yet, no proof of iu And tha 
same is true of M. Dumas's suggestion ; it is conceivable, but wa 
have no proof that it can be done with truly elementary bodies, or 
even with such as are elements to us. 

It is, we conceive, much more probable, that chlorine, bromioi^ 
and iodine, are really homologous compouruUj and not elements ; 
and if we can discover their common difference (their C| H„ so ta 
speak), we may hope to transmute them into each other. And to 
of all other similar groups. 

But, admitting the possibility of a transmutation, it must not ba 
forgotten that it is almost an absurdity to suppose it easy or practi* 
cable under ordinary circumstances, or that it should ever become 
so. It must reauire some very great and unusual force ; for if it 
were otherwise, if one element could easily pass into another, es* 
temal nature must come to an end. Nay, if carbon could readily 
become silicon, how could our bodies or the vegetable woriid 
exist ? In them, nearly two-thirds of the weight is carbon ; and if 
that were changed, even in part, to silicon, or to any other elemeati 
what must be the result ? 

It has always appeared to us, that those bodies which are best 
known, and which resist most powerfully all our e&brts to deoom* 
poser or transmute them, must have, in order that nature should 
exist, a degree of permanence attached to them, such, that they be* 
come virtually unalterable elements, otherwise affinity could mo 
longer act to produce the results we see. , 

Even if our elements, therefore, be compound, or othenirise tran^ 
mutable, it is evident that we are not intended to have the power of 
decomposing or transmuting them. Such is the doctrine wo hava 
for many years taught in our lectures. 

Alcaloids or Organic Bases. 

These names are given to a class of nitrogenised organic com- 
pounds which, in their relations, are quite analogous to ammoiii% 
or to oxide of ammonium. They are to be distinguished from sudi 
basic oxides as oxide of ethyle, oxide of methyle, ^o., which contaia 
no nitrogen, and, although they form neutral compounds with acid% 
yet exist in a peculiar state in these compoiind% whaok oaanol ba 
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decomposed, like ordinary salts, by double decomposition. Thus, 
oxalate of oxide of ethyle does not precipitate with nitrate of lime, 
and chloride of ethyle does not decompose nitrate of silver. Bui 
the case is quite diflierent with the alcaloids ; for their salts undergo 
the same decomposition as those of ammonia. 

Most of the alcaloids are found in vegetable juices, seeds, or 
roots; these are called vegetable alcalies, and they are generally the 
active principles of the plants, for the most part poisonous, in which 
they are found. But of late, organic bases quite analogous to those 
produced by nature, have been formed in a variety of processes ; as, 
jbr example, the singular bases containing platinum ; the bases con- 
taming arsenic, or arsenic and platinum, ; the bases of coal-tar, of 
which aniline, formed in several different processes, is one ; the basesi 
chloraniline, ^c, derived from aniline ; the bases derived from oil of 
mustard ; those derived from the decomposition of natural alcaloidsi 
as chinoline and cotamine ; those formed by the action of potash on 
melam, as melamine and ammeline ; those produced by tJie action 
of ammonia on oil of bitter almonds and analogous bodies, such as 
amarine, lophine, picrine, and furfurine ; those formed by the action 
of sulphide of ammonium on certain nitrogenised bodies, as ani- 
line from nitrobenzole, naphthalidine from nitro-naphthalese, thial- 
diiie from aldehydammonia, ^c ; those derived from creatine by the 
action of acids and bases, namely, creatinine and sarcosine ; and 
mch as are formed by the action of acids and bases on other animal 
o<»npounds, of which glycocine is an example, being formed from 
gelatine by the action of potash, and from hippunc acid by the 
action (A hydrochloric acid. The number of artificial bases has of 
late been very greatly augmented by the discoveries of Wurtz and 
of Hofmann, who have shown that an almost unlimited number of 
■uch bases, homologous with ammonia, may be obtained. Some of 
these have been already mentioned under the benzoic and ethylic 
series of compounds, and many more remain to be noticed. Most 
of these artincially formed bases are of very recent discovery, and 
it IS evident that Uiey must throw much light on the theory of the 
Iproduction of the natural alcaloids, and that the careful study of 
this part of the subject will, in all probability, eventually lead to 
the artificial formation of the natural organic bases. 

The alcaloids possess, for the most part, very decided basic prop- 
erties ; when dissolved they act on vegetable colors like the inor- 
ganic alcalies ; and they neutralise the strongest acids completely, 
generally forming crystallisable salts. Most of them, at the ordi- 
nary temperature, are expelled from their salts by ammonia, but 
many of them, at the heat of boiling water, expel ammonia from 
its salts, owing to the volatility of the latter alcali. 

Their basic properties are not derived from the oxygen they C/on- 
tain, for no variation in the amount of that element affects their 
Beotraliiing powei; On the other hand, there is eveiy reason ta be* 
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lieve that tb^ busic character depetida on the nitrogen they coo- 
tain ; for they all, without exception, contain nitrogen, though sev- 
eral are devoid of oxygen. Moreover, most, if not all, of those 
which have been formed artificially, are prepared with the aid of 
ammonia, or some compound of ammonia, or amidogen. Before 
proceeding to describe them, we shall premise some general obser- 
vations on the formation and constitution of artificial organic bases. 

On thx formation and constitution of Artificial Organic 

Basks. 

Within the last few years, this is the department of organic 
chemistry which has made the greatest progress, and has yielded the 
most surprising results. Several theories had been started as to the 
constitution of the natural alcaloids, and Berzelius warmly advocar 
ted one of these, namely, that the alcaloids were coupled com- 
pounds, in which ammonia was coupled with other compounds. 
Taking aniline, Cn H, N, as an example (for aniline, although aa 
artificial base, is closely analogous to nicotine and coneine, which 
ate natural bases), Berzelius conceived aniline to be ammonia coupled 
with C„ H4 ; thus (C„ H4) -f N H, = G„ H, N. He supposed 
its neutralising power to depend on its ammonia; just as, in a coupled 
acid, the attached copula has no influence on the neutralising power. 
As all bases contained nitrogen and hydrogen, this view was possi- 
ble, although none of them gave any signs of containing ammonim 
ready formed. On this and on other accounts, Liebig objected to 
this view, and proposed another, namely, that the organic bases 
were bodies in which amide, N H, , was combined with some conH 
pound, replacing the third equivalent of hydrogen in ammonia. 
To this he was led by considering ammonia as the hydride of 
amidogen or amide ; as N Ht + H = Ad H = N Hj . Henoe 
he viewed aniline as amide plus phenyle, C„ H|. N H| + C,| U, 
= Ad Ph =r 0|| H7 N. And in a memoir published in 1839, he 
ventured to predict, that means would be found of substituting other 
compound radicals for the third atom of hydrogen in ammonia. 
Nay, he went so far as to say, that if ever the radicals, ethyle and- 
methyle, should be thus substituted for hydrogen, the resuHing com- 
pounds would be, without the least doubt^ bodies perfectly analo- 
gous in properties to ammonia ; that is, powerful volatile bases, but 
less volatile than ammonia. A more remarkable prediction was 
never ventured in chemistry, and it has been absolutely fulfilled ; for, 
in 1849 Wurtz obtained the predicted compounds, methylamine, 
0| H5 N = Ad Me, and ethylamine, C4 H7 N = Ad Ae, and found 
them to be precisely what Liebig had anticipated ten years before! 
indeed, so like ammonia, that it is now certain that these bases had 
frequently occurred, and been taken for ammonia, from the resem- 
blance of their smell to that of ammonia. This remarkable discov- 
ery of Wurtz has led to the further diiooveiy, both by himself^ by 
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BofmHDn, and others, of s vast RQmber of Bimilar bases. Beudes 
this, in the ioterval between the prediction and its fulfilment. 
maaj others had been disi»>vered, chiefly by Hofinann, all of which 
tended to establLsh Liebig's views. Such were the substitution 
buea from aniline, the bases homologous with Hniline, toiuidine, 
cainidine, Ac, and others, eo that the theory of Liebis became lA 
last firmly established. But ihe march of discovery did not stop 
here, for Hofmaun soon ascertained that it applied only to one class, 
a rery large class of artificial bases, and that bases could be formed, 
in which no amide was or could be present In short, it appeared 
that not only the third eq. of hvdrogen in ammonia, but with it 
cue or both of the others, might oc replaced by very many rsdicala, 
without destroying the basic character. IIofmaDn thus establishM 
the existence of three distinct series of bases, all derived from am- 
monia by snbatitutioD, and all analogous to it in properties, being 
volatile bases. If we make X, Y, and Z an;^ three compound rad- 
icals, whether of the same or of different series, then we nave 

1. Amide bMei.... N H* + B (KbeiDs either hTdroaea or ■twmpauDd rsdioal.) 

Ammomii N H, + II 

New Wet N H, + X, or N H, + Y, or N H, -(■ Z 

S, Imide base* . . . . N H ^^ R, (N II = Imide) 

Ammoma 14 H +11, 

Hew We. Nil +XT, orNII + YZ, orNH + XZ 

S. Nlln-le buee . . . N + B, 

Amuionia N -t- II, 

K*wl«M8 N +XTZ,orN + XXZ. orN + YYZ; orN + XZZ, 

orN + YZZ;otN + YXX;orN + YYX. 

Here is at once a wide extension of the original view of Liebig 
U to the constitution of orgsnio bases ; and, whatever be tbeir retu 
constitution, bases are now known, belonging to each of the above 
■eries: that is, bases, tlie formula of which may be thus interpreted, 
a^d which are really obtained from compounda believed to contain 
the radicals supposed to be present in the bases. 

Of the amide bases, many are known. The following ere > few : 

AmmooiB N 11, + II = II, N = Ad II 

UethvlamiDe N It, l^ <% ll, C-, 11, K = Ad Ua 

Ettiybmine N iJ, 4- C, II. C, U, N = Ad A* 

PropyUmin* N H, + C. H, = f, H, N = Ad Fr 

ButyUmin N E, + C. H, =C. H„ N = Ad Bu 

AinylamiM K H, 4 C,, H„ =C,. II„ N s Ad Ayl 

CiprotylamlDi K H, -l- C„ H„ = C» H,. N = Ad C> 

Phenvhming. AoillD KHi + CII, C,, H. K = AdpR 

Tnlavlsmlne.TotBidtna.... N 11, + C,, H, i= C,, II, N = Ad To 

Xylerolna, XvlidiM KH,-t'(:„H, =C„ii„K = AdX 

Ciuiiidine S H, 4 (1,, H,, = C„ ll„N = AdCa 

CymidiiM N H, + (■„ Il„ = C, H„ N = Ad Cym 

All these are known, and many more will soon be formed, esp»- 
cially in the ethyle series. Indeed, Fridan has obtained the com* 
wrand. cetylamine, C„ H„ N = N H, + C„ H„ = Ad Ctl, although 
It In no basic characters, or very feeble ones. 
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Hie foUowiDg sre the names of a few imide bases : 

Ammonia N U + H, =H, N =ld, B. 

IHmelhyUmins N H 4- It (C, H,] = C, U, N = Id, H*. 

WetbyUmln* N U + * (C. H.) =0, H„ N = Id, A», 

Diunyl^imiiKi MU + S(C„H„} = C« H. N = Id, A*I( 

Dinlienylimiaa N H + a (C,, H.) = C. H„ N =7 Id, Ph. 

MetbylopfaanyluniDe N H + C, H, + Cn n> ^ C,, H, N = Id, He Ph 

Ktbf rop^«Df Wbe N H -*- C, H, + C„ 11, = C. H,, N = Id, Aa Fh 

AmjIopheojUmin K H + C^ H„ + C,, H. = C, H„ N =Id, AylPfc 

All the above have been discovered and described by HoftnasD. 
They are all volatile bases, analogous to ammonia. 

(X nitryle bases the following will serve as an example : 

AnHDODU K+U. = Ht N=1T,H| 

TrimethylwniDa N-)-D(C!I,> =C U, N =N, Ha, 

TriBlhyUmlna IT-f3(C',H,) =C„HuN=N,A*, 

TliuDvlunloa N+AIC,, H..) =(~H. N=N, AtU 

TripheiiytamiDe N4-«(C„U.) =C»EuN=N,Pb, 

AmvlodiethTlamina N+€,,I],, + i(C IT,) =C.IlnN=N, A*, Art 

UeUiylethTUuiiy}iiralDC...X+<',1I, + C,Ilt + C,.H,, =C,.BuN=N,H«A«AH 
DJethjIopfiBDjfiinimB . . . . N t- 2 ■ C, H.) + C.„ II, =C» HuN=N, Ae, Ph 

UethylethylDpheDTliimine N -t- r. If, + C:, H,-f-C,,H, =CmHii N=1«, Ke Ae Fh 
DLMiiylophOQ)liimme....N + ii,r,.H„) + Ci,H. =C»H„N=I^ Ayl, Ph 
KthyluoylophenjIuniDa.N + L, li. + C„H„tCi,H,=C»HBN=N,AaAylPh 

All of these, except tripbenylamiDe, have been already obtunod 
by Hofmann. It will be seen that the whole three aenes may be 
inctaded under cme head, namely, that of bases, con«^>oiiding to 
ammonia, in which one, two, or all three of the eqs. of hydrogen in 
ammonia have been replaced by one, two, or three different radicala; 
and that the amide, imide, and nitryle baiee are the aubdivisionB M 
this gronp. Now there are two strong reaaons for believing snoh to 
be the constitutiou of these bodies ; 1st, that they are all anaJn^oua in 
properties to ammonia, and 2dly, that they are obtained by the 
action of ammonia on oomponnds of the radicals, mothyle, ethyk) 
amyle. and phenylo ; so that their formation and properties could 
be, and were medicted. It is obviona, therefore, that Liebig's views 
is only true of one of the subdivisions, the amide bases, and must be 
extended so as to include the two others. 

But Hofmann has gone further still. He has discovered (hat, (o 
the nitryle bases, snch as triethylamine, N + 3 (Ci H,) = Cit H^ N, 
another equivalent of ethyle, Jfc, may be added, and a new aeries 
of bases obtained, correepondiDB^ u^t' ^ ammonia, but to oxide of 
ammonium, N H4 0, and resembling, in their properties, oxide <^ 
potassium or potash, much more than ammonia, aa they are not vol- 
atile without decomposition. Oxide of ammonium is the same thing 
as ammonia ^fu* water; and it, as is probable, oxide of ammonium 
does exist in the salts of ammonia, such as sulphate Af ammonii^ 
N £[4 O, S 0„ it is resolved into ammonia and water, as soon as sep* 
arated. Such is also the case with the metals belonging to the thre* 
fiiat series of ammonia bases (for being analogous to amioouia, thaj 
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ferm, with hydrogen, metals like aimnonium). Thna, to take (me 
example, triethylaroine, with hydrochloric acid, forma chloride of 
triethylium, just like ammonia with the same acid. 



H H, + H CI = N H4 CI and N Ae, + H CI = N ^®» I 



CI 



AmmoalA. Cblorido of TrietUykmn*. Cblorid* of Ttm- 

Ammoaiain. thTliain. 

And in sulphate of triethylamine, we have the oxide of the metal^ 
in sulphate of ammonia. 

N H4 O, 8 O, ^ H*' [ ^» 8 0, 

>^ ^ ' > , * 



Baikal* of OxM* of Anmmiiaai. 8nlph«to of Osid* of Trtotkyltaa. 

And this oxide, like that of ammonium, is resolved when separated 
into water and triethylamine. 

But with the new or fourth series of bases it is different. The 
oxide of the metal is not resolved into other products, when sepa- 
rated from the acid, but can exist in a separate form. We have, first, 

Ammonia N H| Triethvlamine N Aei 

Ammonium N H4 Tctrethylium N AOf 

Oxide of ditto N H4 Oxide of ditto N Ae4 O 

Chloride of ditto N fi^ CI Chloride of ditto N Ae4 CI 

While oxide of ammonium is instantly resolved into ammonia and 
water, oxide of tetrethyliom is permanent, and much resembles 
potash. 

Here, then, is a totally new series of bases representing, not am- 
monia, but oxide of ammonium, and therefore containing oxygen* 
If oxide of tetrethylium were as unstable as oxide of ammonium, it 
should vield triethylamine and ether, as oxide of ammonium does 
ammonia and water ; thus : N H^ O = N H,+H 0. N Ae^ O = 
N Aci+Ae O. Evidently, in the former case, the affinity of oxygen 
for hydrogen breaks up the oxide ; but in the latter the affinity of 
oxygen for ethyle is not powerful enough to do so at the ordinary 
temperature. But where an atom of hydrogen is present in the 
same place as the fourth atom in ammonium, it is separated as 
water, as we have seen in triethylium, the oxide of which, like that 
of ammonium, cannot exist in the separate form. Thus, 

N H4 = N H, + H O; N ^^|o= N Ae, + HO 

These considerations explain how it happens that the oxides of 
the new organic metals, analogous to ammonium, are permanent 
And it is worthy of notice, as a strong proof that these new com* 
pounds represent ammonium in which hydrogen lias been entirely 
replaced by one, two, three, or even four different radicals, that it 



N. 



hu not been found pouible to replace hj tbcM ndicals man 
hrdn^a than 4 eqnivalfote, evidently the four of unmonium, 
N H4. Should any furtber replacement of hjdrogen by ethjle, 
for example, occur, then either the group nili be broken up, or 
the replAcemeot will nffect the radical itself; that is, if in tetre- 
thjiium we could replace au atom of hydrogen by ethyl^ it 
would be an atom in cue of the atoms of ethyle, which one mi^t 
t^eo become C^ ] . ' But this is not very likely. The ftdlowii^ 

table givea the hydrated oxides of the baeee already discovered is- 
the omtnomum series : 

Hrdrated oxide of 

Ammoninm N H. O, H = N H^ ! H O 

Tatrame^rliuiii N M«, O, H =C| H,|N,0,HO 

TetrttbrliniD N Ab, 0, H O = C„ Hh N,0, H O 

HMbylotrielbTliaD] N U< Ae, O, H i=Cu U,.M,O,lI0 

AmyfolriBthyBiim N A«, Ajl 0, H O =C, H^N.O.HO 

Tetrunyliam N Ayl, O, HO =C« ll.,N,O,H0 

MBUiylodielbrUmyliQiii N lie As, Ayt 0, H O = C„ li,. N, I >. H O 

TriBlbvlophenyliniB NAe.PtO, HO =r^ 1!„ N,<i, H 

Ucthylet&ylunylophgnylinm. . N H« Ae Ayl Fh 0, H O = <.„ 11„ N,<), H 

The general character of these bases is well marked. Lake oxide 
of ammonium, and unlike the ammonia bases, they all have an 
even number of equivalents of hydrogen. The hydrates cryrtalliaa 
and are very soluble in water. They cannot be distilled withoid 
decomposition. Like potash, they attract carbonic acid from tb« 
■ir, have a caustic taste, and saponify oils. But they, and all thflir 
salts, are very bitter. Their iodides, chlorides, &a., contain thecom> 
pound metals in union with iodine, Ac, and resemble iodide <A po- 
tassium. Thus hydriodio acid acts ou the oxide of tetrelhyliuiBr 
yielding water and the iodide, just as it acta on oxide of potaasium. 

KO, no + HI=KI + SHO; ud NMe, O, HO, ->- HI = NUe, I + S HO 

Here, then, it will be seen, we have four large series of bases, evi- 
dently representing, three of them ammonia, the fourth, oxide of 
ammonium ; and it is highly probable that many of the natonl 
bases belong t« these four series. As, however, the ammonia baaM 
of all three series are volaliie, so we can only at present refer to 
that claw the volatile natural bases, such as coniine and niootine. 
But the ammonium baseo agree with the non-volatile natural baaea 
in four points ; first, in being fixed ; second, in containing oxygen ; 
third, in having a bitter taste ; and fourth, in yielding volatile bases 
when decomposed by heat. Some of the fotmulte in the last colnma 
(^ the last table approach very nearly to those of natural fixed 
oi^anic bases. In fact, sn attempt was made by Hofmann to form 
artificiallv a natural base, quinine. TIih formula of quinine, accord- 
ing to the best analyses, m C„ H,, N 0,=C„ R,, N 6, H O. When 
heated, it yields a volatile base, quinoline. Now this was supposed 



▲BTIFICIAL OBOANXO BA8B8. 418 
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to be Ci« Hg N, and quinine to differ ^m it by Ct H4 O,. And 
the hydrated oxide of tetramethylium, a bitter fixed base, Cg Hn N 
0s3sC^ H|t N O, H O, yields, when heated, a volatile base, trime- 
thylamine, €« Ho N ; the difference being, as before, Ct H4 O,. Now 
m trymethylamine may be reconverted into the hydrated oxide of 
tetramethylium by the action of iodide of methyie on it, and of 
oxide of silver on the iodide thus produced, the question was asked, 
May not quinoline, which is found in coal-tar, yield quinine in the 
■ame way t In point of fact, the action of iodide of methyle on 
quinoline does yield a crystallised iodide, apparently similar to the 
nydriodate of quinine, but as recent researches show, not even iso- 
meric with it ; the true formula of quinoline being Cn H; N% Still 
we may hope to succeed in process of time in forming artificially 
the natural bases. 

But we must not suppose that Liebig's theory, even as extended 
by Hofinann, so as to include, besides amide bases, imide, nitryle 
and ammonium bases, includes all the possible modes of formation 
of organic bases. Some may be, as Berzelius imagined, coupled 
ammonias, some coupled amide, imide, nitryle, or ammonium bases, 
or substitution products derived from these. And it must be borne 
in mind, that even of these four series of bases we have only 
learned to know those containing the four radicals, methyle, ethyle, 
amyle, and phenyle, while there may be hundreds of similar radi- 
cals. The neld has been opened ; it remains for us to cultivate it. 
Of the bases mentioned above, many have been already described 
under the ethylic series of radicals, and the remainder will be no- 
ticed under aniline or phenylamine, further on. 

Besides the methods em^oyed for the production of the bases of 
the four classes above mentioned, chiefly the action of the bromides 
or iodides of methyle, ethyle, <fec., on ammonia, there are various 
other processes which yield artificial organic bases, which must here 
be briefly noticed. Bases, then, are formed : 

1. By the action of ammonia on organic products, aided by 
other processes. Thus ammonia forms bases, as we have seen, with 
oil of bitter almonds and furfurole, when aided by the subsequent 
action of potash; with oil of mustard; and probably in other in- 
stances. 

2. In the destructive distillation of nitrogenised animal and veg- 
etable matters, such as albuminous compounds, natural bases, indigo, 
and coal. In DippeFs animal oil are found bases of three, if not 
four, distinct series ; those of methylamine, <fec., of aniline, of pico- 
line, isomeric with that of aniline, and the series of pyrrole bases. 
(Anderson.) Indigo yields aniline; morphine, narcotme, codeine, 
quinine, cinchonine, strychnine, and pelosine, yield volatile bases 
when heated ; and the oil of coal-tar contains various bases of the 
methylamine series, of that of aniline, and perhaps of others. 

8. By the action of sulphuretted hydrogen on compounds of 
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monia. TliiaMine, a very remarkable baae, ia formed by the act]<m 
of sulphuretted hydrogen on aldehydammonia. 

4. by the action of sulphuretted hydrogen, or of sulphide of 
ammonium on substitution compounds containing N O4 ; as when 
aniline is formed m this way from nitrobensole, nitraniline from 
dinitrobenzole, or tolnidine from nitrotoluole. 

d. By heating nitrogenised compounds with potash or baryta ; 
as when aniline is formed by heating isatine with potash, chlorani- 
line by heating chlorisadne with p<^h, melamine and arameline 
by heating mdam with potash, and sarcosine by heating creatine 
with baryta. 

6. By heating organic compounds with acids ; as when glycocine 
is formed by boiling hippuric acid with hydrochloric acid ; creati- 
nine from creatine ; and alanine from a mixture of aldehydamnno- 
nia, hydrocyanic acid, and hydrochloric acid. 

7. Lastly, by spontaneous metamorphosis, In when hydrated 
cyanate of ammonia passes into urea, or cyanate of metiiylamiiia 
into methylo-urea, when their solutions are eyaporated. 

Of all of those methods, examples will be given under the indi- 
vidual bases. Of the production of the four classes of bases, amide, 
imide, nitryle, and ammonium bases, with* the radicals of the ethyle 
series, numerous examples have already been given. 

It is to be observed, that we have already succeeded in formii^ 
artificially three natural bases, all of animal origin, namely, urea, 
glycocine, and creatinine. In other cases, as Honnann's new base, 
methylo-quinoline, turns out not to be quinine, we have only, as yet| 
produced bases closely analogous to natural bases. Hius rarfiirine, 
an artificial base, is used, like quinine, as an anti-periodic ; and the 
bitter ammonium bases of Hoifinann will most probably be found 
powerful remedies, possibly of that class. 

Lastly, in the formation of artificial bases, we have succeeded in 
several, indeed in many cases, in imitating the natural process of 
building up complex atoms or molecules from such as are less com- 
plex. This is seen in the long list of Hofmann's bases ; and also in 
turfurine, produced by the coMescence of 2 eqs. of furfuramide ; and 
amarine, formed by the coalescence of 8 eqs. of oil of bitter almonds 
along with ammonia. It has hitherto been found comparatively 
easy to break up or resolve into simpler forms the complex natural 
organic compounds ; but now we begin, like nature, to construct 
the complex from the more simple : perhaps, in its ultimate results, 
the most important step yet made in advance in organic chemistry. 
Our methods are still coarse and violent compared with those of 
nature, which are gentle but irresistible, and infinitely varied in their 
results ; but yet we are able to imitate nature, and to replace one 
group by another, and thus to form a series of artificial product^ 
running parallel, in many instances, with the natural ones^ and ex- 
hibiting precisely nmilar properties. 
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The labors of Hofroann have resulted in the production of seve* 
nl aubstitution compounds from aniline. These are principally 
basic, and are termed, chloraniline, dichloraniline, trichloramline, 
bromaniline, dibromaniline, tribromaniline, and nitraniline. Hof- 
man has also obtained bases, in which ethyle is substituted for part 
of the hydrogen of chloraniline and nitraniline, namely, 

^ihyhnitranilinej Ae >• N ; and dUthyhchloranilinej 

C,.(H^N04) ) 
Ae ) 

Ae > N. But in studying the action of cyanogen on 

C„ (H4 CI) ) 

aniline, which he expected to yield products in which cyanogen 
was substituted for hydrogen, he obtained entirely different results. 

Cyaniline, When cyanogen gas is made to act on an alcoholic 
•olution of aniline, crystals are formed, which contain several bodies. 
One of these is a base, cyaniline, which is C14 H^ N, = Cn H7 N + 
Ct N. Here the cyanogen has combined with aniline to form the 
Bew base. It forms brilliant silvery scales, very sparingly soluble 
in any liquid. It forms salts with acids, which are permanent in 
the dry state, but easily decomposed in solution. 

Melaniline, When gaseous chloride of cyanogen acts on aniline, 
tiiere is formed the hydrochlorate of this base. The base itself is 
crystalline, and has the formula Cm H,i N|. It is thus formed — 

2. (C„ Ht N) + c N a = C, H„ N, + Ha 

AaiUM. Clilorid««rC]raao(«a. Mclaailiat. 

It may be regarded as aniline, coupled with a compound, which 
k aniline, in w^ch 1 eq. of hydrogen has been replaced by cyano- 
gen. Thus, 

. H„ N, = C«Ht N + C|.^«N }n- 

Melaniline is very sparingly soluble in water, but soluble in alco- 
hol and ether. It forms crystallisable salts with acids. With 
chlorine it yields the hydrochlorate of a new base, dichloromelani- 

H ) H ) 

Uney Cm pi" j- Ni; with bromine, dibrcmomelaniline^O^ -n" >• Ni; 

H ) 

and with iodine, diiodomelaniline^ ^m T " 1 ^^ With nitric add 

H ) 

it yields the base dinitromelaniliney ^» o Vj q r N| ; and with cy- 
anogen, it forms a compound in which 1 eq. (k melaniline is united 
with 2 of cyanoffen, analogous to cyaniline, and called dicyanome- 
lamline ; but this is not, like the otlier four, a substitution product 
It may be viewed as composed of 1 eq. cyaniline, I eq. of the com- 
pound ^is ^ r 9 supposed to exist in melaniline, and 2 eqs. of cyan- 
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ogen, as if each of the groups in melaniline toolc up, like aniHiie 
melt, 1 eq. of cyanogen. Its formula is Cj© H,j N, = C15 H„ Nj + 

8CN = (C.4H;N, + C,N)+(C„^jj Jn + C,N). It is » 

feeble base. 

With diluted acids, cyaniline yields various products, among which 
are oxamide, oxanilide^ analogous to oxamide, and a compound of 
both, oxanilamide, Oxanilide is C,s H^ N, C, 0|, and oxanilamidt 
is C„ H, N, C, O, + H, N, C, O, = 0,8 N, H, O,. 

When dicyanomelaniline, C», H„ N„ is boiled with acids, it under- 
goes a remarkable change, and yields a yellow product, Cjo II n Nf 
O4. Thus, C„ H„ N. + 4 H O + 2 H CI = 2 (N H4 CI) + C^ 
H|| N| O4. It may be regarded as binoxalate of melaniline, minui 
4 eqs. of water. This is the composition of an imide, and the oora 
pound has been named Melanoximide. When heated, the body 
yields, among other products, a volatile liquid, boiling at 85*8^, of 
a very pungent odor, C14 N H^ Of, which bears to hydrated cyanic 
acid the same relation as aniline does to ammonia. C,s H7 N = N 
H, + C„ H4. C,4 N H, O, = C, N O, H O + C„ H4. Hence it 
is named Aniloeyanic Acid, With acids and bases it is resolved 
into aniline and carbonic acid, just as cyanic acid into ammonia and 
carbonic acid, Ch N H, O, + 2 H O = C„ H, N + 2 C O,. In 
short, it is hydrated cyanic acid, in which the hydrogen of its basae 
water is replaced by phenyle, C,| H|, or it is the cyanaie of oxide cf 

phenyle. 

C N O, H O C N O, C„ H, O 

Hjrdtmtod Cjruk Add. CjBiMto of oxid* of pbMjfe. 

As cyanic acid with water yields, first ammonia and carbonic 
add, and then, by the action of this on another portion of the acid, 
cyanate of ammonia or urea, so aniloeyanic acid, with water, yieUi 
first aniline and carbonic acid, and secondly cyanate of aniline, or 
2 atoms of carbanilide, analogous to urea, which is 2 atoms of 
carbamide, 
a (C N O, H O) + 2H O — 2 CO, = C, N, H4 0, = $ (C 0, N Hi) 

Hjdntod Cyuie Add. UrM. CbriwiBU*. 

9(C,N0,C„H,0) + 2HO-2CO, = C» N, Hw O, =$(CO,NOMHt) 

AaUocyuiie Acid. I OwUailid** 

Carbanilide is therefore urea, in which 2 eqs. of hydrogen at^ 
replaced by phenyle, C,t H,, diphenylo-urea ; out it is uncertain 
whether it may not he only polymeric with the true diphenylo-urea ; 
that is, whether 1 eq. of the latter may not resolve itself into 2 eqa. 
of carbanilide. There is another compound, carbamide-carbanilioe, 
in which 1 eq. of hydrogen in urea is replaced by 1 of phenyle. 
This is phenyle-urea, and is formed when aniloeyanic acid acts on 
ammonia. C, N O, H O + N H, = C, H4 N, 0„ and C, N 0, C« 
H, O + N H, = Cu N, H, O^ 
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When cyanic acid acta on alcohol it yields two coropoundft, ture- 
thane or carbamate of oxide of ethyle, and allophanate of oxide of 
etkyie, according as 1 or 2 eqs. of the acid act on 1 of alcohol. Hof- 
mann finds that anilocyanic acid produces with the known alco- 
hok compounds analogous to urethane, and probably also com- 
pounds analogous to allopbanic ether. As urethane contains car- 
CMmic acid, so the phetiylo-urethane must contain an acid in w^iich 
1 eq. of hydrogen in carbamic acid is replaced by phenyle. Now, 
oaiabmic acid is Ct N H| 0|, H O, and Vie new acid must be Cf 

^ C H [ ^^ ^ ^ = ^'* -^ ^ ^^ ^ ^ = ^^^ ^ ^'^^ This is 
the fcmnala of anthranilic or carbanilic acid ; but whether the acid 
In phenylo-urethane or carbanilate of oxide of ethyle be identical or 
only isomeric with anthranilic acid from indigo, is not yet known. 

The reader will not fail to observe that, as the cyanates of oxides 
of ethyle, methyle, <kc., when heated with potash, yield ethylamine, 
methylamine, &c^ so we may expect the anilocyanates or phenyle- 
cyaoates of the oxides of ethyle, &c^ to yield with potash a new 
aeiies of bases, in which 1 eq. of the hydrogen of aniline is replaced 
hf. ethyle, methyle, <fec. Here also aniline will probably retain its 
uialogy to ammonia ; but the investigation is very difficult, from 
the long, tedious, and expensive processes necessary to obtain first 
aniline, then melaniline, dicyano-melaniline, and anilocyanic acid, 
with which last it must be commenced. 

The reader is referred to Dr. Hofmann's papers for many inter- 
eating details and ingenious speculations, which we are compelled 
here to omit 

When melaniline is heated it yields, among other products, a body 
called aniline-mellone, which, however, combines with aniline to yield 
the compound Cm H„ N, = 3 (Q, H, N) -f C.j H4 N4. The latter 
group is anilomellone. Laurent has obtained a compound Cm Hh 
Nj, which is = C|| H7 N -f C,, H^ N^. Anilomellone, or phenylo- 
mellone, C,, H4 N4, is mellone, C, N4, coupled with Cit H4, or phenyle, 
minus H. 



Besides the above derivatives from aniline, there are many in 
which phenyle is substituted for hydrogen ; as, for example, volatile 
bases, like those of the series of ethylamine, aniline itself being the 
first of them ; in the others we have the hydrogen of ammonia re- 
placed to the extent of two, three, or four eqs., either by phenyle, 
or by phenyle in part, and in part by one or more of the ethylio 
radicals. Of these, the following are known : 

Ethylophenylamine or Ethylaniliney C,e Hn N = N, H Ae Ph.. 
'Dua base is obtained by the action of bromide of ethyle on aniline. 
N H, Ph -f Ae Br = H Br + N H Ae Ph. Its empirical formula 
is Cm H|, N. It much resembles aniline. 

DUthylophenylamine^ C^ Hm N =3 N, Aei Ph, ia Ibrmed when the 

27 
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preceding base is acted on by bromide of ethyle. It resembles the 
foregoing. 

Trieihylcphenylium, The iodide of this compound is formed 
when iodide of ethyle acts on the preceding base, N Aet Ph + Ae 
I = N Aei Ph, I. It forms, like the other ammonium bases, a hy* 
drated oxide, which is a powerful base. 

Methylethylamylophenylium, This sesquipedalian word denotes 
SB ammonium compound, the iodide of which is formed when iodide 
of methyle acts on ethylamylophenylamine, Me I + N Ae Ayl Ph 
= N, Me Ae Ayl Ph + I* Its hydrated oxide is, like the precedmg 
one, a powerful base. 

JSihylamylophenylamintj N, Ae Ayl Ph, is obtained by the actum 
of bromide of amvle on ethylophenylamine^ or of the bromide of 
ethyle on amylophenylamine. N, H Ae Ph + Ayl Br = N, Ae 
Ayl Ph + H Br, or N, H Ayl Ph + Ae Br = N, Ae Ayl Ph + 
HBr. 

Methylophenylamine^ N, H Me Ph ; MethyUthylophenylamine^ N, 
Me Ae Ph; AmylcphenylanUnej N, H Ayl Ph ; Diamyhphenylamku^ 
N, Aylf Ph — are all formed by means of analogous processes, mad 
are all volatile bases. It is singular that the two last-named have 
a strong and fragrant smell of roses. 

Methtlb and Ethtle. 

Since the last edition of this work went to press, the above two 
radicals have been isolated and studied. 

Methyle was first obtained by Frankland and Eolbe, as a product 
of the action of potassium on cyanide of ethyle. It was soon alter 
observed by Eolbe among the products of the electroljrtic decom* 
position of acetic acid ; and by Frankland, among the products of 
the action of zinc, aided by heat and under pressure, on iodide of 
ethyle, and by the action of water on the new radical zincethyle. 
In all these cases it is accompanied by other products, all of wmdi 
are not exactly known ; but in the third of them it seems to be 
formed in the following manner : iodide of ethyle, C^ H^ I, acted on 
by zinc, yields iodide of zinc, Zn I, and ethyle, C4 H, ; and a ftai 
of the ethyle is resolved into methyle and elayle, thus: C4 H|=Gb 

Methyle is a gas, of Sp. G. 1*0365, which, at 0® F., is not liouid, 
and which has resisted a pressure of 20 or SO atmospheres, it is 
combustible, burning with a bluish flame and little light It has an 
ethereal smell, and is not absorbed by water, but alcohol absorbs it. 
It has certainly the composition C| Hj, but we cannot be certain 
that it is the radical methyle, or that it may not be only isomerio 
with that body. Since, however, its production by the electrolysii 
of ecetic acid is attended by that of oxide of methyle, we may con- 
dnde, for the present^ that it ia the tme radical 
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Methyle exists in nature, but not nncombined, so far as we yet 
know. Its oxide is found in the oil of Oaultheria proeumbenSy com- 
bined with salicylic acid. But oxide of methyle is more abun- 
dant and better known as one of the chief ingredients, in the form 
of hydrate, of the more volatile product of the distillation of wood. 

Methyle is chiefly interesting as the lowest or first member of a 
▼ery remarkable group of homologous radicals, the formula of a 
number of which are given in Column 1 of the table of homologous 
compounds. Immediately above it in the series (below it in the 
column) stands ethyie, C^ H„ which differs from it by Ct H|, and 
tbe same increase, of C| Hj, is made at each step. Now, if we sub- 
tract 0, Ht from methyle, instead of adding them to it, we obtain 
H, or hydrogen, which is therefore the inorganic starting-point of 
this organic series. And we shall find that methyle and its homo* 
logues agree in many points with hydrogen. Thus they all com- 
Inne, although not directly, with oxygen, chlorine, bromine, iodine, 
sulphur, cyanogen, <fec., in the same proportions by volume as hy« 
dn^en does ; they may be substituted tor hydrogen in ammonia 
without changing the type of that base ; and as hydrogen forma 
compounds with certain metals, tellurium, ai*senic, and antimony, so 
also do methyle and ethyie. In one point of view, therefore, we 
may regard all the radicals of the methyle series as homologues of 
hydrogen. But we must remember that in another they differ ; for 
while the oxide of hydrogen is neutral, that of methyle is basic : the 
chlorides, &c^ of hydrogen are strong acids, while the chlorides, droi, 
of methyle are neutral ethers. 

Another circumstance must be mentioned here. Most of the 
known compounds of carbon and hydrogen which are volatile have 
such a density in the form of gas, that their formula represents 4 
Vols. ; that is, the densities of their elements, added together in the 
proportions indicated by the formula, represent the weight of 4 vols, 
of the compound, and this sum must be divided by 4 to give the 
density of the compound, which is the weight of 1 vol. But me- 
thyle and its homologues, if examined in reference to their density, 
are found to represent only 2 vols., a somewhat unusual occurrence. 
Thus methyle, C| H|, represents not 4, but 2 volumes of the gas, 
which is therefore twice as heavy as it should be, if it followed the 
law of 4 volumes. For this reason, Hofmann and others are dis- 
posed to think that the formula of methyle should be doubled, which 
would give C4 He, and this, calculated for 4 volumes, would ngree 
with the actual density of the gas. But it is certain that many 
things in the history of methyle agree better with the formula Ct H| 
than with C4 H«, for the latter would make the oxide C4 H^ Of, the 
chloride C4 He Clt, <fec., and would make it necessary to double the 
quantities of ail thoea substances which a«tw%it, thus yielding very 
improbable |IvMb1«». The two opinions ma/ be reconciled by sup- 
peaiikg th«|^Fhmkland has reMntljr ahowti, the methyle produced 
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in the processes above mentioned is not identical in all of them. 
The methjle obtained from cyanide of ethyle by potassium^ and thai 
formed by the action of water on zincethyle, C^ H* Zn, is not true 
methyle, but a polymeric compound, C4 He, homologous with marsh- 
gas (methylole or formene, C Hf or rather Ct H4) : while the gas 
produced in the electrolysis of acetic acid is the true methyle, Cj H|. 
The former may be supposed to be produced by the coalescence of 
2 atoms of the latter into one double molecule. The same remarks 
apply to ethyle, and the other radicals homologous with methyle, 
and will not, therefore, need to be repeated when treating of these. 
When zincethyle, C4 H* Zn, a body to be .described hereafter, is 
acted on by water, ther^ is formed oxide of zinc, and a gas is given 
off, which, as already mentioned, is either methyle, C| H|, or the 
polymeric body, C4 H«, most probably the latter. Its formation is 
very simple, C4H,Zn + HO = ZnO + 2 (C,H,); orC4H4Zn + 
H O = 2n O + C4 He. If we adopt the latter formula, we may re- 
gard it as hyduret of ethyle, C4 H|, H ; and the corresponding coin* 
Kund of methyle, which is formed when zincomethyle is acted on 
water, will be Cj H4. Its formation will be as follows : C| H^ 

2in + HO = ZnO + 2(CH,); orC,H,Zn + HO = C,H4. The 
latter formula will become Q Hj, H, or hyduret of methyle. Adopt- 
ing this view, we have the two parallel and polymeric series, in eaoh 
of which the members are homologous : 

C H4 =C, Hs, H,Hydaret of Methyle, 
CHg Methyle C4 H, =€4 H^ H, Igrduret of Ethyle, 
C« H« Ethyle C« H|« = C. H», H, Hydnret of Batyle. 
C« H, Propyle C,t Hu s= C|, Hit, H, Hyduret of Caproyle, 

and so on. It is hi&^hly probable that in each pase both compounds 
exist, except in the mrst hyduret^ that of methyle, which has no cor- 
responding polymeric body in the first column, since such a com- 
pound would be C H|j, an impossible formula. 

Ethyle. C4 H» = Ae. 

This, the second radical of the methylic series (see table of homol- 
ogous compounds) is obtained when iodide of ethyle is acted on by 
zinc, in closed tubes, at a high temperature, C4 H^ I + ^ = Zi^ I + 
C4 H|. Part of the ethyle combines with another portion of zinc, 
to form zincethyle ; part of it is resolved into methyle and elayle, 
thus C4 H( = C| H, 4- C| H| ; and part of it escapes unchanged. It 
is a colorless gas of a faint ethereal smell, buminff with a bright 
white flame ; its Sp. G. is 2*00394. At 32°, and under the ordinaiy 
pressure, it is not condensed ; but under a pressure of 2\ atmos- 
pheres it forms a mobile liquid. Alcohol absorbs it. 

Ethyle is, in all respects, analogous to methyle, but, according to 
the law which regulates homologous series, its density is higher, 
while its volatility is less. Methjfle is gaseous under a pressure of 
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SO atmoBpheres and upwards, but ethyle is easily condensed, and 
under the ordinary pressure, boils at 23^ F. At the same time we 
mnat not forget that this compound, although it has the formula of 
the radical ethyle, may, like methyle, be possibly only an isomeric 
modification of the true radical. It does not exhibit strong afiKni- 
tiea, and cannot be made directly to combine with oxygen, chlo- 
rine, Ssc 

Several new salts of the oxide of methyle have lately been dis- 
covered. The carbonate of oxide of methyle is formed when chloro- 
earbonic acid acts on pyroxilic, and the product C4 H, CI O4 ig 
mixed with ammonia. The oily product nrst produced, C4 H| CI 

O4, is a compound of oxide of methyle with an acid, Q pi [ » &n<i 

may be represented thus, Ct H| 0, C p? > . When it acts on am> 

monia, the latter is decomposed, 1 eq. of its hydrogen taking the 
^lorine of the oil, while the chlorine is replaced by oxide, and the 
resulting beautifully crystalline compound is the carbonafe of oxide 

of methyle, C, H, O, C ^j l + N H, = H CI + C, H, O, C, 

l^xj [ . This last group is carbon ide, or carbonic acid, an acid 

omidide. The carbonide is isomeric with glycocine. 

Fhenometkole. Svn. Anisole: Carbolate of Oxide of Methyle, 
C|4 H, 0| = C, H, O, C,j Hj O. This compound, apparently homo- 
logous with hydrated carbolic acid, C„ H« 0„ is obtained by heating 
with baryta the preceding compound, or anisic acid, Cj^ H, 0„ H O, 
Which is isomeric with it C,e Hj O^ + 2 Ba O = 2 (Ba O, C 0,) -h 
G|4 Hg 0|. Cahours has shown that this compound, which bears to 
anisic acid the same relation as phenole or carbolic acid does to 
salicylic acid, is really the carbolate of oxide of methyle, or hydrated 
carbolic acid, in which 1 eq. of water is replaced by 1 ea. of oxide 
of methyle. It is, therefore, not truly homologous witn carbolic 
acid, but is a compound of that acid with oxide of methyle, and is 
consequently the first member of a series of homologous compounds ; 
tfaua, 

1. Phenomethole Cu H. Ot = Gt H, 0,€|,HftO. 

2. Phenethole OuH,oO, = C4 H» 0,C„H.O. 

8. Phenopropylole O,. H^ O, = C« Ht O, C„ H» O. 

4. PhenobutyIol6 C Hu 0, = C, H, O, Ci, H, O. 

6. Phenmmyfole €« Hw 0, = d. Ha 0, €», H, O. 

The compounds Nos. 8 and 4 have perhaps not yet been formed, 
but as propylic and butylic alcohols and ethers are now known, 
flieir formation may be with certainty predicted. The names given 
in the table are analogous to that of phenole (carbolic acid) wit!h which 
diese compounds are apparently or empirically homologous, as car- 
bolie aoid differs from No. I by C| H^ These ooropoonds, however, 
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cannot be truly homologous with carbolic acid, because ihej are not 

acids but neutral ethers, and their true names are, in full, carbolaie 

of oxide of methyle, or of ethyle, propyle, butyle, amyle, and so on. 

When salicylate of oxide of methyle is acted on by nitric acid, it 

yields nitrosalicylate of oxide of methyle, C, H, O^ €« jJq > 0„ in 

yellow silky prisms. With ammonia, this compound forms, like 
the corresponding ethyle compound (which see), nitrosalicylamide. 

The mucate of oxide of methyle is a crystalline solid, analogous 
in its preparation and properties to the corresponding salt of ethyle. 

Cyanaie of Oxide of MeihyU, C, N H, O, = C, H, O, C, N, 
O. This compound was obtained by Wurtz, by distilling cyanate 
of potash witn sulphomethylate of potash (double sulphate of 
methyle and potash). It is a volatile liquid, of a very penetrating 
amell. With ammonia it yields a crystalline product, C4 N, H^ O,, 
homologous with urea, and which may be called methylo-urea, 
since it is urea, in which 1 eq. of hydrogen is replaced by 1 eq. ' 
of methyle. Cyanate of oxide of methyle, in contact with water, 
IS resolved into carbonic acid and a new compound, dimethylo-urea, 
isomeric with ethylo-urea. 

S (C4 N H, 0,) + 2 H = S C O, + C, N, H. 0» 

Here we have another series of homologous compounds, not included 
in the table ; but^ indeed, eveiy compound of methyle, and every 
derivative from it yet known, is, in liice manner, the starting-point 
of an homologous series, and it will be seen that the table, large 
though it is, admits of enormous extension horizontally. 

Allophanate of Oxide of Methyle, Ce N, H, O^. When the 
vapors of cyanic acid are brought in contact with pyroxilic spiriti 
this compound is formed. It is C| H, O + C4 Ng H| O^. The lat- 
ter group is allophanic acid, the production of which will be ex* 
plained mrther on, under ethyle. 

Cyanurate of Oxide of IletkyU, C„ N, H« O, = 3 C, H, O, 
Ce N, Oj. This compound, according to Wurtz, is formed when sul- 
phomethylate of potash is heated wiUi cyanurate of potash. It is a 
crystalline solid, fusible at 284°, and volatile at 563"^. It is insoluble 
in water, soluble in alcohol and ether. 

Many other salts of oxide of methyle might be enumerated, did 
apace permit ; but those already given suffice to show that oxide of 
methyle replaces the water of nydrated acids, just as oxide of 
potassium does ; or rather, that methyle replaces the hydrogen of 
nydrated or of hydrogen acids, as metals do, yielding neutral com- 
pounds. 

Before proceeding to the products derived by oxidation or other 
modes of decompositioD from oxide of methyle or pyroxilic sfMrit, it 
may be as well here to point out the existence of compounds, in 
which methyle replaces the hydrogen of anmionia, without deatroj- 
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ing itfl basic cbaraoters, oompounds which are among the raost re- 
markable which have been of late years discovered, and the discovery 
of which has very greatly added to our knowledge of the organic 
bases. They are here introduced, because the first of them was 
obtained from some of the salts described in the immediately pre- 
ceding paragrapltk, namely, from the cyanate of oxide of methyle, 
.from the methylo-urea, and from the cyanurate, polymeric with the 
cyanate. 

H ) 
Methylamine, C, H, N = N w* > . According to Wurta, 

this compound is obtained by heating cyanate of oxide of methyle 
with potash. Bearing in mind that hydrated cyanic acid (from 
which this cyanate only differs in containing 1 eq. methyle, C| H| 
in place of 1 eq. hydrogen) is decomposed by potash, yielding car- 
bonate of potasn and ammonia, this change is readily explained by 
the following equations : 

C N O, H O + 2 (K 0, H O) = 2 (C Oa, K O) + N H, 

> ^ / 

Il7dnt«d Cjruie Acid. 

C, N O, Me O + 2 (KO,HO) = 2 (C 0„ K 0) + N ^^ } 

CyBOAte of Osid* of Mtthyk. BCttbylamiiM. 

Since the cyanurate of oxide of methyle, which, as we have seeiii 
is tribasic, is polymeric with the cyanate, its equivalent being exactly 
3 times greater, we have only to multiply the last equation by 3 to 
explain Sie production of methylamine from the cyanurate. From 
methylo-urea it is obtained as follows, comparing the action with 
that of urea : 

C N, H4 O, + 2 (K 0, H O) = 2 (C 0„ K O) + N H, + N H, 

Vl y / 

Urwk 

C4 Na H. O, + 2 (K O, H O) = 2 (C 0„ K 0) + N H. + N ^^ } 
* • ' 

These equations show, that, as in the compounds employed, hy- 
drogen has been replaced by methyle, C| Hj, so in the products the 
tame substitution continues. And if we regard ammonia as the 
hyduret of amide, N Ht, H, then methylamine is methylamide, 
N H„ Me = N H„ C, H, = C, H. N. 

Methylamine has also been observed among the products of de- 
composition of several organic compounds, such as morphine, code- 
ine, caffeine, <fec., and is probably a constituent of many natural pro- 
ducts. It is found also in the oil obtained by distillation from 
animal matter. 

Methylamine is a condensible gas, of Sp. G. 1*075. At or a little 
below 82% it forms a mobile liquid. It oas a very pungent smell, 
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80 like that of ammonia, that it has certainly been frequently taken 
for ammonia, when accidentally formed, and thua overlooked. It ia, 
of all known gases, the most soluble in water. At 50° water takes 
up about 1150 times its volume of the gas. The smell of the gas 
and of its solution, although closely resembling that of ammonia, 
has yet sometiiing empyreumatic and peculiar.' Methylamine is 
distinguished from ammonia by the property of kindHnff at a candle, 
and burning with a yellowish flame. Ammonia can only be kindled 
in oxygen gas. 

Methylamine is a very powerful base. It neutralises the strong- 
est acids, and forms thick white vapors with the volatile acids, likB 
ammonia. It acts on metallic solutions, as, for example, thoee of 
silver and copper, exactly like ammonia. The salta of methylamine 
are closely analogous to those of ammonia, and the bichlorides of 
platinum and mercury, and the terchloride of gold, form double 
salts, resembling the corresponding compounds of ammonia. Nay, 
when methylamine acts on protochloride of platinum, it gives rise 
to a series of bases perfectly homologous with those described 
under ammonia, but which our limited space forbids as to describe 
in detail. 

When sulphate of methylamine is evaporated along with cyanate 
of potash, methylo-urea is obtained. It would appear that the body 
thus obtained has all the properties of a urea, and that the compound 
already described under that name is perhaps only an isomeric mod- 
ification of it. 

When heated strongly, methylamine is decomposed, yielding 
^anide of ammonium, hydrocyanic acid, marsh-gas, and hydrogen. 
ThvLs: 

8(CH.N) = NH4, CaN + H, CN + CH4 + H4. 

Methyhxamidey C4 N H4 0|. When the oxalate of methylamine, 
C| Hf N, H O, C| 0|, is heated, it yields methyloxamidej homologous 
with oxamide. But this compound, like oxamide, is better obtained 
by the action of the base itself on oxalic ether. 

C4 H» O, C O, + C, H» N = C4 H. O, + C4 N H4 O,. 

^ , ' 

Methyhxamic acid^ Ce N H4 Of, H 0, ia obtained, like oxamie 
acid, by heating the binoxalate of the base. 

CH,N, H O, CO, + C, Oa, H O = « H + Ca N H4O,, H O. 

Maoutoto of Math jhnlM. MatkyfaiMrfe AeU. 

These two products are homologous with, and perfectly analogoua 
to, oxamide and oxamie acid. Methyloxamide, however, is soluble 
in water. 

It is hardly necessary to add, that Sof every neutral amide, siiqIi 
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as oxamide, benzamide, <fec., as well as for every acid amide, such as 
oxamic acid, carbamic acid, <fec., we may expect to have a corres- 
poDding compound, in which 1 eq. of hydrogen is replaced by me- 
thyle, or, what is the same thing, amidogen, N, H H, is replaced by 
methylaraidogen, N, H Me. 

Methylamine, when acted on by chlorine, bromine, and iodine, 
yields substitution products, which as yet have been little studied. 
Those of the corresponding base, ethylamine, appear to have lost 
the basic character, as will be explained further on. Here it is 
only necessary to state that methylamine does yield similar products. 

We have seen that methylamine is the first member of a series of 
bases, homologous with ammonia ; and we may even regard ammo- 
aia itself as an organic base, and the true starting-point of the series, 
m hydrogen is of the series of radicals to which methyle belongs. 
The series will be seen in the last column of the table of homok>* 
gous compounds, and it will be observed that, viewed as the stalling- 
point of that series, ammonia is to be represented as hydramide, 
N H| H ; and that it is this last atom of hydrogen which is replaced 
by methyle and its congeners, so that we have 

Ammonia H| N = N Hs, U 

Methylamine Ca 11* N = N 11a, Me 
Ethylamine C4 Ur N = N Hz, Ae, &o. 

At each step C| Hj is added — or, what is the same thing, in each 
base, amide, N H|, is combined with methyle, C^ H„ ethyle, C4 H5, 
^kc, (fee, those radicals differing by C^ H]. This may be called the 
§nt series of bases, homologous with ammonia, or amide bases^ since 
in them we have amide, N H|, plus the radicals. The general 
formula of this series is either. Ad (amide) + €„ Ho -f- 1 ; or C. 
Ha + , N. We shall see that a considerable number are known of 
this first or methylic series of amide bases, as well as several of a 
Bdcond or phenylic series also of amide bases, of which aniline 
(phenylamine) is the type. And doubtless other series will be dis- 
covered, still of amide bases. 

But there are already known some series of bases homologous 
with ammonia, yet not amide bases^ for our knowledge of which we 
are indebted to Hofmann. The first of these is that of the imide 
bases of the methylic radicals. The name imide is given to the 
compound N H, or amide minus hydrogen, which exists, combined, 
in certain derivatives of ammonia. 

Now, to understand the formation of imide bases, ammonia must 
be viewed as N H, H H ; the group N H being imide ; and we have 
then to replace the 2 eqs. of hydrogen beyond it by methyle, ethyle, 
Sbc This may be done in the case of methyle by causing bromide 
of methyle to act on methylamine. 

Ji« Br 4- N H, li. Me = H Br -t- N H, Me, Me. 
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IHmethylamine, — The new base is called dimethjlamine. It 
has not yet been studied, but the corresponding ethyle base, die- 
thylamine, has been obtained, and will be described under that 
head. Its formula must be C4 H7 N, and it is isomeric with ethyla- 
mine. 

Hofmann has, however, obtained and described some other imide 
bases, in which, while the first eq. of hydrogen is replaced by me- 
tbyle, the second is replaced by a different radical, sucn as ethyle or 
phenyle. Of these the best known, as yet, is Methylaniline or Me- 
thylophenylamine, N H, Ph Me, which is an imide base, formed 
from methylamine by the substitution of 1 eq. phenyle. On H,, for 1 
eq. of hydrogen. This base will be described under phenyle. Many 
similar bases will, no doubt, soon be known. 

Trimethylamine, — But this is not all, for Hofmann has shown 
that a third series of bases, homologous with ammonia, may be ob- 
tained, in which the third eq. of hydrogen is also replaced by a rad- 
ical of the methylic class, or of any other similar class. Tnese are 
called niiryle bases, to imply that in them only the nitrogen of the 
ammonia is left. Ammonia may be viewed as N + H, H, H ; and 
if we suppose all these eqs. of hydrogen replaced by methyle we 
have trimethylamine, N + Me, Me, Me. This base certainly existSi 
and has been found in the brine of pickled herrings, to which a salt 
of this base gives its peculiar flavor. The base, in this case, is C^ 
Hg N, and was at first supposed to be propylamine, N Ht, Pr=N H^^ 
Ce H7 ; but it has been snown to be really trimethylamine, which is 
isomeric with propylamine. Hofmann has since shown that trime- 
thylamine and its salts possess the peculiar flavor observed in the 
bnne above alluded to, in which trimethylamine has probably been 
formed by a transformation, possibly a kind of putrefaction of some 
animal compound contained m the fish. 

The imide base, methylethylamine, N H, Me Ae = C| H« N, is 
isomeric with both trimethylamine and propylamine, but is quite 
distinct from both, although, like them, it is an oily base, analogom 
to ammonia. 

As we rise higher in the series, we shall find that the namber of 
imide and nitryle bases, isomeric with any imide base, steadily in- 
creases. The reason of this is, that, since all these classes have the 
same general formula C. H. + 1 N, so when the number of eqs. of 
carbon increases, there must be more ways of making it up by dif* 
ferent combinations of radicals differing by 2 eqs. of carbon, or by 
multiples of two. And as, for each of the three eqs. of hydro^n in 
ammonia, any radical of the formula 0^ H^ + 1 may be substituted, 
all such combinations must yield C„ H, + 1 N, whatever the amount 
of C may be, so long as radicals of the formula C, H, + 1 only are 
used. When radicals of the phcnylic series are introduced, thia 
law no longer holds, because in that series the formula of the radi- 
cab is Cn H. — 7, and that of the bases formed by these radicak 



TBTSAMETHTLiniC. 427 

must be Cn Hq — f N, so long as these radicals alone are used. And 
of course, where radicals of both series replace the hydrogen of am- 
monia, the formula must vary, and cannot be reduced to a general 
one. Ethylophenylamine, for example, which is N H, Ae Ph, is = 
C|6 H,o N, while methylophenylamine, N H, Me Ph, is C,4 Hg N. 
These two, and others like them, would come under the formula 
Co Ha — 6 ^' But such a base as ethylodiphenylamine, N Ae Ph 
Ph = Csg Hii N, and its congeners, would require the general 
formula C„ H„ — „ N ; and diethylophenylamine, N, Ae Ae Ph =r 
Cso Uis N, would come under the general formula C„ Hn — s N, as 
would also its congeners. But the general formula C. H^ + 1 N will, 
AS has been said above, include all bases, whether amide, imide, or 
nitryle bases, in which the hydrogen of ammonia is replaced by 1, 
2, or 3 equivalents of the radicals olf the methylic or ethylic seriea, 
C, Ho -f I. Triethylamine has been described by Hofmann. 

There are many other nitryle bases, in which 2 eqs. of hydrogen 
are replaced by one radical, and 1 eq. by another, or all three by 
different radicals. Thus methylethylaniline, N, Me, Ae, Ph = On 
H|| N, has been obtained, with many others, by Hofmann. These 
will be described in their proper places. 

Thus it will be seen that we are acquainted with three different 
forms of substitution bases, derived from ammonia, and all homolo- 
gous with it If R represent any one radical, then we have 

1. Aaid* bMM I. laid* bMM. S. Nitryk hMM. 

NH,+ R. NH + RR. N + RRR. 

And if X, Y, Z^ represent any three radicals, we have 

1. Anido bMM. I. ladd* \mm*. t. NltryU buM. 

NH,+ X(YorZ), NH + X Y (or YZor X Z) N + XYZ 

orXXZ 
or Y Y Z, Ac 

But even this is not all ; for Hofmann, by studying the action of 
iodide of methyle on ammonia, has obtained a new base of the most 
remarkable composition and properties, which is the starting-point 
of a new and very extensive series of homologous compounds and 
substitution products. 

4. Tetrameihylium, N, Me4= Cg H|f N, is obtained, in combina- 
tion with iodine, when iodide of methyle acts on ammonia. Along 
with it, however, are formed the iodide of ammonium, and the 
hydriodates of methylamine, dimethylamine, and trimethylamine 
(which last three compounds may be also called iodides of methy- 
lium, dimethylium, and trimethylium). The new compound, like 
ammonium, cannot be obtained in the separate form, but its iodide 
crystallises; and when this salt is decomposed by oxide of silver, 
there is formed, along with the insoluble iodide of silver, the hy** 
drated oxide of tetramethylium, which is soluble, and when evapo- 
rated in racuOf yields a deliquesoent crystalline mass, which, like 
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potash, attracts carbonic acid from the air. The oxide is a power- 
nil base, almost caastip, and bitter. Its salts crystallise. Hiis new 
base, which corresponds to hydrated oxide of ammonium,^ ammo- 
nia jo/m« 2 eas. of water, N H„ H O 4- H O, or N H4 O, H O, and 
to hydrate of potash, E O, H O, has all the characters of a strong 
alcali ; whereas hydrated oxide of ammonium does not differ from 
ammonia and water. The new base has therefore no exact ana- 
lofi^e. It belongs to a series quite distinct fi*om that of methyla- 
mme, ^c. ; for these all correspond to ammonia, while the radical of 
this base corresponds to ammonium, Triethylamine, plus water, is 
a true analogue of ammonia plus water, but in the newbaae we 
have new characters. It is not volatile, like methylamine and its 
congeners, which, like ammonia, refuse to yield the oxides or hy- 
drated oxides of their supposed metals. We should expect, from 
the analogy with ammonia, that on separating the hydrated oxide 
of tetramethylium from its salts, it would resolve itself into trime- 
thylamine and methylic alcoho], but it does not ; it forms a perma- 
nent, non-volatile hydrate. The following table shows the relations 
of the base to ammonia : 

N Ht = AmmooiA N Met = KethyUxnmonla 

jTrimethvlamine) 
It H4 = Ammonium N Me4 = TetrBmethyliom 

N H4 O rr Oxide of ditto N Me« O s= Oxide of dfkto 

N H4 O + H O = Hydrated Oxide of do. N Me* O, II O = Hydrated Oxide of 

ditto. 

This base acts on metallic solutions like potash, and converts oils 
into soap when boiled with thejp. The chloride of tetramethylium 
forms with the chlorides of mercury, gold, and platinum, double salts 
perfectly analogous to those of potassium and ammonium. Thus, 

Double Chloride of Platinum and Ammoniaro = N H4 CI + Pt 01,. 

Ditto Ditto and Tetramethyllam = N Me* 01 + Pt CU. 

Here, then, we have a totally unexpected new series of compound^ 
in which the 4 eqs. of hydrogen in ammonium are all replaced by 
methyle and its homologues, as well as by other radicals, and in 
these, the supposed metals corresponding to ammonium, although 
not yet known in the separate state, yet yield what ammonium does 
not, permanent hydrated oxides. And the 4 eqs. of hydrogen may 
be replaced by one, by two, by three, or by four different radicals, 
as will be seen further on. 

The best character of the hydrated oxides of these homolognes of 
ammonium is that they are not volatile, but are decomposed by 
heat, and that they are powerful bases. Their existence leads to 
the suspicion, that there may be a base, oxide or hydrated oxide of 
ammonium, different from the hypothetical one, which is simply 
ammonin plus water. If such a compound exist, it will probably 
not be volatile without decomposition, and it may possibly be cap»i 
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ble of aaBuming the separate form, under intense cold, combined 
with great pressure. But we must not theorise too far, nor allow 
oorselves to be carried away by analogy. Hitherto the fourth atom 
of hydrogen in ammonium, N H4, or its oxide, N H4 O, has been 
regarded as being quite distinct from the rest ; when ammonia, or 
its salts, took up an atom of water, the hydrogen was supposed to 
oonvert the ammonia into ammonium, which then took up the oxy- 
ffen to form the oxide. It was thought that trimethylamine, N, 
Met, in which the 8 eqs. of hydrogen were replaced, was the limit of 
this substitution, and that we should have 

N Ha + H = Ammoniam N H4, and 
N Me, + H = TrimethyUum N ^* | 

and the action of trimethylamine on acids corresponds exactly to 
this view. It takes up 1 eq. of water, and forms, probably the ox- 
ide of trimethylium N tt ' !- O, which, like oxide of ammonium, is 
resolved, when separated, into water and trymethylamine. 

NH4O sHO + NH, 

On this view, hydrochlorate of methylamine is chloride of trime- 
thylium, just as hydrochlorate. of ammonia is chloride of ammoni* 
mn ; and sulphate of trimethylamine is sulphate of oxide of trime- 
thylinm, as sulphate of anmionia is sulphate of oxide of anmionium. 

But now we find that the fourth eq. of hydrogen can also be 
replaced by methyle, Ac, and that the new metfu N Me4 is pro- 
duced, which forms an oxide and a hydrate of totally new proper- 
ties. Hofmann found it impossible to replace any more of the 
hydrogen in \he new body, showing that the true limit of substitu- 
tion is ammonium, N H4, and not ammonia, N H|. Yet when the 
fourth eq. of hydrogen is replaced, the base^ which is now a hy- 
drated oxide, loses the character of volatility which it had retained 
as long as only 3 eqs. were replaced. This proves that there is a 
difference, although not to the extent formerly supposed, between 
the fourth eq. of hydrogen in ammonium and tne other three. 
Probably the true cause of the instability of oxide of ammonium 
and of those analogous compounds which like it, have 1 eq. of hy- 
drogen, the fourth, derived from water, is this, that the tendency of 
then* 1 eq. of oxygen to form water with 1 eq. of hydrogen is so 
strong as to overturn the equilibrium of the oxides ; whereas, in 
tetramethylium, the affinity of the oxygen for the fourth atom of 
methyle is not sufficient to do this. 

We have dwelt somewhat fully on these new compounds, not to 
detail their individual properties, which our space forbids, but to 
explain the impoitant general laws which regulate their formation. 
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and which have an important bearing on the theorj of the forma- 
tion of natural organic bases. The reader will bear in mind that we 
have four senes of bases derived from ammonia and ammonium ; 
three of which are volatile like ammonia, namely, the amide^ imi<U^ 
and nitryle bases, while the fourth is not volatile without decompo- 
sition ; these are called ammonium bases. It was necessary here to 
explain their nature : but we shall return to the general considera- 
tions under the head of organic bases. 

ZincomethyUy C| H, Zn. When iodide of methyle is heated 
along with zinc in a sealed tube, a white crystalline product is ob- 
tained. When this product is distilled in an atmosphere of hydro- 
gen, it yields a volatile liquid of a very fetid smell, the vapors of 
which are very poisonous. It takes fire spontaneously on contact 
with the air, and bums with a bright greenish blue flame, depoaitr 
ing a large quantity of zinc and oxide of zinc. This is zincome- 
thyle, apparently a new radical. It was discovered by Frankland. 
In contact with water, it is decomposed with ignition, yielding oxide 
of zinc, and hyduret of methyle (marsh-gas). Ct H, Zn + U O = 
Zn O + (C, H„ R) 

It would appear that tin, and probably also bismuth^ forms a 
similar radical, but of these hardly any thing is yet known. 

Stihiomethyle^ Oe Hg, Sb = Sb Me,. This compound is formed 
when iodide of methyle is heated with an alloy of potassium and 
antimony. It is a volatile liquid of an offensive odor, spontane- 
ously inflammable in air, insoluble in water, soluble in alcohol and 
ether. It is a compound radical of very powerfnl affinities, oom- 
bining energetically with the elementary bodies. It takes up 2 eqa. 
of oxygen, chlorine, ifec, and its oxide is basic. (Landolt) The 
corresponding ethyle radical and its compounds will be described 
farther on. 

Stibiomethylium^ C| Hn Sb = Sb Me4. According to Landolt^ 
when iodide of methyle is added to stibiomethyle, there is formed 
the crystalline iodide of a compound radical, analogous to ammo- 
nium, which he hence calls stioiomethylium. Sb Mei + Me I = 
8b M4, 1; 

By the action of oxide of silver on this iodide, the oxide is form- 
ed. Sb Me^ I + Ag O = Ag I + Sb Me4 O. This is obtained as 
a hydrate, in the form of a white crystalline mass, Sb Me^ O, H O, 
which in alcaline characters may be compared to caustic potash* 
It may be volatilised by careful heating, but if suddenly heated is 
decomposed, yielding vapors which take fire spontaneously. It 
forms, with acids, salts which are analogous to, and isomorphons 
with, those of oxides of potassium and ammonium. 

Some very remarkable compounds, are known, in which arsenie, 
and arsenic and platinum are combined with methyle. We shall now 
mention these. 

When acetate of potash is heated along with araenions add, a 
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Terj remarkable liquid is obtained, which is the oxide of a new 
radical. This liquid, which is spontaneously inflammable, and has 
a most offensive alliaceous smell, has been long known in an impure 
atate, under the names of the liquor of Cadet, and jalkarsine. 
Bunsen, by a long series of the most profound and persevering 
researches, established its true character as the oxide of the radic^ 
hakodyU, He has even succeeded in obtaining the radical itself in 
the separate stat^ and in establishing the most perfect analogy be- 
tween that radical and a metal, in all its chemical relations. 

Chloroform. 

As chloroform^ or the terchloride of formyle, has become an 
important ansesthetic; a few words upon its formation would not be 
irrelevant in this place. 

This compouna is best obtained by distilling pure alcohol vrith 
water and bleaching powder. The product is well washed with water 
and rectified, after being agitated for a short time with oil of vitriol, 
which removes traces of water and destroys certain oils which are 
usually present in small quantity. The rectified chloroform should 
have the Sp. Gr. 1*49 to ISO, and should not color oil of vitriol 
when shaken with it, unless to a very trifling extent. If it colors 
the acid strongly, or if^ when evaporated on the hand, it leaves an 
unpleasant odor, it is not fit for use, and must be again washed and 
rectified. It may be prepared also from pure pyroxilic spirit, but 
alcohol yields it purer. 

Chloroform is a transparent, colorless, volatile liquid, of Sp. Gr. 1*6 : 
it has a peculiar heavy sweetish smell, and when inhaled from the 
hand, from a sponge, or handkerchief soon produces insensibility to 
pain, and indeed a sort of coma. But if too sparingly or timidly 
u>plied, the effect often stops at the stage of excitement, similar to 
that produced by inhaling the nitrous oxide, which latter, being a 
ffas, cannot conveniently be administered in a full dose, since one of 
Its first effects is to relax the muscles of the mouth which g^rasp the 
tube, and thus admit air. But chloroform may be held near the 
mouth on a handkerchief, or a sponge, and so much given as to 
carry the patient beyond the stage of excitement into that of coma 
and entire insensibility to pain. 

For the introduction of this valuable remedy we are indebted to 
Dr. Simpon, and although ether, benzole, and many other liquids 
can produce insensibility to pain, chloroform is of all the most pow- 
erful, as well as the most manageable. Of course, great care must 
be taken to insure its purity, for the oils which accompany it when 
first formed are very deleterious, and in administering it, one person 
should do nothing but watch the pulse and respiration of the pa- 
tient, and remove the chloroform if necessary. With due precau- 
tioD, chloroform is very safe ; and this precaution will prevent ita 
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being used in cases where its use is contra-indicated bj disease of 
the heart, or by marked tendency to apoplexy. In proof of its 
safety, it may be mentioned than in Edinburgh, where it must now 
have been used in many more than 100,000 cases, no instance of a 
fetal result has occurred. Deaths have occurred ekewhere, but it is 
probable either that the chloroform was not pure, or that it was used 
in cases unfit for it, or finally, that due care was not taken to pre- 
vent an over-dose. That all these things can be avoided is proved 
by the results of the Edinburgh practice. 

It has been found, of late, that although chloroform may be ob- 
tained which is quite permanent under ordinary circumstances, — ^for 
I have some which I made more than ten years ago which is still 
quite unaltered^ yet it often, perhaps generally, ha]^ns, that ex- 
posure to the direct rays of the sun, or even tcrstrong diffused day- 
light, causes a decomposition, by which chlorine is set free, toe 
liquid becomes yellowish, and it acquires of course the nuffocating 
smell of chlorine, so that it cannot be used ibr inhalation. It is 
probable that this depends on the purity of the chloroform, fer I- 
have found that those portions which I had purified with the great* 
est care were the soonest decomposed by sunlight It may, how- 
ever, also depend on the presence of traces of substances used in 
purifying it, which may promote decomposition; though, in the 
case of prussic acid, we find that a trace of sulphuric ether has the 
effect of rendering it more permanent 

This point is not yet cleared up, but, however it may be, it is ea^- 
to preserve chloroform unchanged, by keeping it in a rather dark 

Clace, or by storing it, either in bottles of dark-colored glass, or in 
ottles covered with dark paper. Even in clear glass, however, it 
usually keeps well in the ordinaiy light of a room into which the 
sun does not directly shine. 

It has been doubted whether the protoxide of nitrogen can produce 
insensibility to pain, and whether its action resembles that of chl(»o- 
form. I can only state, that I have seen many cases among those 
who have inhaled the gas, where insensibility to pain was perfectly 
developed. This has occurred, not only in such as were rendered 
apparently insensible to all surrounding objects for a short timOi 
which is now and then seen, but also in several who were, while 
under the influence of the gas, violently excited and prone to laugh- 
ter and muscular exertion. Some of these have struck wood or 
stone with their hands, till these were covered with blood, and have 
not even known this, till the effect passed off, not having felt any 
inducement to look at their hands. But I have also tested the in- 
sensibility to pain in various ways. 

In some cases, as already hinted, there was produced the same 
half comatose state as is produced by a full dose of chloroform. 
These were very sensitive subjects, who had got a full dose of the 
gas before the muscles of their lips relaxed. But such cases are rare. 
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Ob tbe other hand, chlorofoim, in insufficient quantity to cauM 
the coma, often produces laughter, singing, and violent muscular 
efforts, exactly like the gas ; and when to this we add that the taste 
of the gas is almost the same as that of chlcnroform, and that it pro- 
duces the very same thrilling warmth over the whole system as chlo- 
roform and ether do, as I can testify from personal experience, it ap- 
pears reasonable to conclude that Uieir action is alike, and that the 
differences observed are only those of an earlier or a later stage of 
that action, the former being the rule in the case of the gas, from 
tke mechanical causes I have spedfied, the latter being the rule in 
the case of chloroform or ether, of which a full dose is easily ad- 
n^istered. 

When acted on by chlorine, perchloride of formyle yields per- 
chloride of carbon, C| CI, = Cj CI CI,, just as perchloride of aoetyle, 
G4 H| , CI, , yields sesquichloride of carbon, C4. Cl« = C4 CI,, CI, . 

There are several combinations of ethyle with the metals, phoa^ 
phoms, &c^ which have been discovered quite lately, and which it 
m important the student should be acquainted with. For instance : 

Zfncethyle^ C4 H^ Zn s= Ae Zn. This ccmipound is obtained by 
distilling the crystalline product formed by the action of sine oo 
iodide of ethyle (Frankland). It is a volatile, fetid, poisonous, and 
highly inflammable liquid, and like zincmethyle, appears to be an 
akctro-positive radical, although its compounds have not yet been 
examined minutely. In contact with water, it is deoompo6ed^eld<v 
ifig oxide of zinc and a earbo-hydrogen of the formula C. fi. ^ 2* 
Thus C4 H,Zn 4-H = Zn O + C4 H«. This body, C4 He, ismoat 
pobably hyduret of ethyle, C4 H^ H, or Ae H. But it may also 
be the radical methyle, for C4 H^. = 2 (C| H,). The latt^ view, 
however, has been shown by Frankland to be less probable, and we 
•hall consider the body C4 H^ as the hyduret of ethyle, while the 
compound Cf H,, or the radical methyle, polymeric with it, is that 
formed in the electrolytic decomposition of acetic acid. 

SHbeihyle, Sb Cu Uk == Sb Ae, = Sbae. This radical ia obtained 
when the alloy of antimony and potassium is heated with iodide of 
ccthyle. It is a very mobile, highly refracting liquid, of an offensive 
alliaceous odor, which, when exposed to the air, first forms a thick 
white smoke, and then takes fire, burning with a very luminoua 
white flame. It boils at 302% and iU Sp. G. is 1*324, that of iu va- 
por 7'499. It is heavier than water, and soluble in alcohol or ether. 
When it is slowly oxidised, it jrields two compounds. The first is a 
▼iscid transparent body, and is an oxide of stibethyle, 8b Ae», Of s 
SbfiB Of The other is a compound of antimonious acid with oxide 
of stibethyle. This compouud does not crystallise, and its solutiona 
'when warmed become thick and gelatinous, and dry up into a fHa- 
Ue porcelain-like mass. It has a very bitter taste, and gives, with. 
«alphuretted hydrogen, a light yellow precipitate. 

The oxide of the radical, stibethyle, forms with aeida ciyatalliMr 

28 
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ble salts. Both the oxide and its salts are very bitter. The nitrate 
forms fine large rhombobedjal crystals, very soluble in water. Its 
formula is Sb Ae, 0„ 2 N O = Sbte 0„ 2 N O.. The sulphate k 
8b Ae, 0„ 2 8 O, = Sbae 0„ 2 S O,. 

Sulphide of SUbethyle, 8bfB Sf, forms small white crystals, of a 
brilliant silvery lustre, alliaceous smell, and bitter, hepatic taste. It 
is soluble in water, and precipitates metallic solutions, like sulphide 
of potassium. The selenide, 8biB Set, resembles the sulphide. 
The iodide, Sbae I|, crystallises beautifully. It is fusible, and in its 
reactions resembles iodide of potassium. Bromide of stibethyle. She 
Brt, is a transparent liquid, of Sp. G. 1*953, which crystallises when 
exposed to cold. The chloride is a liquid of Sp. G. 1*54. All 
these compounds exhibit the reaction of metalHc saitSi chlorides, bro- 
mides, ieo. 

Stibethyle is remarkable for its very strong affinities. In &ct, it 
combines directly with almost all the non-metallic elements, and 
with BO much energy, that it generally takes fire, and it is there- 
fore necessary to employ indirect or slow methods of forming its 
compounds. Its affinities are almost, if not quite, as powerfu as 
those of potassium. Ldwig and Schweizer, who discovered it, aie 
of opinion that it is a coupled radical, of the formula 8b Ae, Aeii 
and that this is the reason why it combines with 2 eqs. of oxygen, 
sulphur, &c ; its afi^ities depending on the 2 eqs. of ethyle, and not 
on the copula 8b Ae. 

Stibethylium, 8b Ae4 = C^ H|o Sb. This compound metal, cot' 
responding to ammonium, and having antimony instead of nitrogen, 
and ethyle instead of hydrogen, is analogous to stibio-methylium. 
It is unknown in the separate form, but its iodide is obtained by 
the action of iodide of ethyle on stibethyle. This oxide, beii^ 
acted on by oxide of silver, yields the hydrated oxide <^ stibe- 
thylium, analogous to caustic potash. It has not been yet fiilly 
studied. 

BismethyUs. There are two compounds of bismuth with ethyle. 
Bismotriethvle, Cn Hi Bi, is formed when iodide of ethyle acts on 
an alloy of bismuth and potassium. It cannot be distilled, and is 
purified by solution in ether, adding water, and distilling off the 
ether in close vessels filled with carbonic acid gas. The new radi- 
cal remains under the water as a yellow oil, very easily decomposed, 
both by air and moisture. Its density is 1*82, and it ferments in the 
air, taking fire after a short exposure. Its taste and smell are un- 
pleasant When heated, it is decomposed, and at a certain point it 
explodes with violence. Its compounds with chlorine, iodine, ^fc^ 
are very unstable. 

When it is acted on by the bichloride of mercury, there are 
formed chloride of mercurethyle, and chloride of a new radical bis- 
methyle, C^ H^ Bi. The iodide of this radical forms very fine hex- 
agK^nal cry^als. The other compounds are unstable. 
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StatmethyU, Sn Ae = C4 H^ Sn, is analogous to zincethyle, bM 
18 obtained in the same way. 

It forms an oxide, Sn Ae O, which is a bulky, insoluble, white 
powder. The chloride, bromide, and iodide all crystallise easily, 
and are more or less soluble in water. The nitrate of the oxide also 
crystallises. The other salts are generally insoluble, as is also the 
sulphide. 

Ldwig states, that there exist besides stannethyle, several other 
compounds, such as Sui Aei, Sn^ Ae^, 8n^ Ae„ Sn, Aei, Sn4 Ae^, Sn« 
Ae4, all oi which, like stannethyle, are compound metals in their 
chemical relations. They form oxides, chlorides, bromides, iodides, 
Ssc,, many, if not all of which, as well as the salts of the oxides^ 
crystallise well 

It will be observed, that some of these formulss are multiples of 
that of. stannethyle. These, as well as the other formulae, are 
strange, and it is probable that these compounds are not yet fully 
imderstood. 

Arsenodietkyle, Ae, As, is homologous with cacodyle or Arse- 
Dobimethyle, Me, As. It is formed when arsenic acts on iodide of 
ethyie, and is obtained as an iodide, Ae, As, I. It resembles caco- 
dyle in all its characters and relations. 

Arsenethyle Ae, As, is formed along with the preceding, and is 
analogous to stibethyle. It is also a volatile fetid liquid. Its oxide 
k an oily liquid, its sulphide is crystallisable. The chloride is not 
known in a separate form, but is volatile and attacks the eyes vio- 
lenily. The iodide forms yellow flocks, easily decomposed. 

Arsenethylium^ Ae^ As or As Ae^, analogous to ammonium and 
fttbethylium, is formed by the action of iodide of ethyle on arsene> 
thyle, as an iodide. The hydrated oxide is a strong base, the chlo> 
tide and iodide are crystalline. 

Plumbethyiiy Pb, Ae,, is obtained as iodide, when iodide of ethyle 
acts on an idloy of sodium and lead. There appear to be several 
compounds of lead with ethyle, but the one above named is a vola- 
tile liquid, insoluble in water. It is oxidised by exposure to air. 
file hydrated oxide is a strong base, which crystallises. Its formula 
k not fixed, but as it is caustic, attracts carbonic acid from the air, 
and in other respects resembles caustic potash, and as the chloride 
and bromide contain only 1 eq. of salt radical, it is probably (Pb| 
Ae,) O, H O. The chloride and bromide crystallise, as do the sul« 
phate, nitrate, and carbonate of the oxide. 

JHereurtthyle, He, Ae, is formed when iodide of ethyle acts on 
mercury. The hydrated oxide, probably Hg, Ae 0, H O, is a pow- 
erful caustic base, like caustic potash. The chloride, bromide, and 
iodide crystallise. 

Tellurethyle, C^ H, Te = Te Ae. This radical is obUined when 
tolphovinate of baryta is distilled with telluret of sodium ( Wohler). 
hum deep red liquid, heavier than water, in which it k sparingly 
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Bolnble; It has a very offensive smelL, and is poisonous. Its odde, 
Te Ae 0, is a crystallisable base, forming salts with aoids. Ite chlo^ 
ride, Te Ae Cl^ is a colorless liquid, of a disagreeable odor, volaAile 
▼ithout decomposition. 

Mallet, who has ascertained liie tme nature of tellwethjie, has 
also obtained another compound, which is either bitellnret of ethyleif 
Ae Tet, and probably also a radical, or else a compound anaiogous 
to mercaptan, C4 H« Te, H Te, which only differs from the other by 
1 eq. hydrogen. It is a very offensive liquid. 

Th^nard has also indicated the existence of compounds o€ phea- 
phorus and ethyle, corresponding to those described under methyle^ 
Dut has not yet described them. It is evid^at that an immcoai 
number of new compounds, containing metals, phosphoms, and 
other elements, along with organic groups, and having, like those 
here described, very remarkaUe properties, must very soon be dii^ 
oovered. 

There are several salts of the oxide of ethyle which are inaportaiit» 
and which have been discovered and studied since the hei edition 
of this work. For instance : 

Perchlf^U of Oxide of JSthyU, €« H« O, 01 O, s= Ae O, Oe 
O7. Stn. Perchloric Ether, This ether is prepared by distiUiBtf 
a mixture of 1 part of perchlorate of baryta with one part of orystaP 
lised ethylosulpnate (sulphovinate) of baryta. The mutare must be 
in a small retort, and most not exceed 1 drachm in weight ; and Jk 
is heated gradually in an oil bath. A U-shaped tube serves as tp^ 
ceiver, and is kept cold by a freeaing mixture. Up to 212% and aa 
long as the water of crystallisation has not been expelled^ no explo> 
sion need be feared. The retort is then gendy heated to not beyolid 
340° F., at which point the action is completed. In the receiver Is 
found the new ether, under a stratum of water ; the latter is removed 
cautiously, by means of slips of bibulous paper, without toaohing 
the receiver with the hand, because a slight motion may caoaa 
explosion. 

Perchloric ether is a liquid heavier than water, and insoluUe in 
it, of an agreeable odor, and a taste at first sweet, then pungent, liki 
dnnamon. It neither boils nor explodes when heated to 218° witb 
care. But a stronger heat or friction, or percussion, will oanse it to 
explode, which it does with greater violence than any known com- 
pound. It is very apt to explode from causes so slight that it ap- 
pears to do so without any cause, and is therefore extremely di^ 
gerous. In making and experimenting on it, the operator most be 
protected by very thick gloves, and a strong mask with thick glaaa 
eye-holes. 

This dangerous compound can only be kept safely when it in 
mixed with a sufficient quantity of absolute alcohol, whi<^ dis- 
solves it. 

A little of this solution, on the addition of water, depoaita tb^ 
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ether, which oolleets below in a drop of size proportioned to the 
quantity employed. If the water be aecanted oflf with care, and the 
mt portion of it taken up by paper, the drop of ether may be made 
to detonate on a plate or capsule, by touching it with a hot body, or 
by a slight blow with a hammer. The smallest drop inentably shat- 
ters the vessel on which it rests. 

/ The canse of the explosion is evidently twofold. First, the com- 
pound is unstable, from its complexity, its empirical formula being 
C4 H, CI Oy. Secondly, the hydrogen has a very strong affinity 
both for oxygen and chlorine, and the carbon for oxygen, and there 
is oxygen enough present to convert the whole into gaseous com- 
pounds. 

For C4 H4 CI Ob = H CI + 4 H O + 4 C O, so that it is en- 
tirsly resolved into hydrochloric acid, steam, and carbonic oxide gas ; 
and as this takes place instantaneously, much heat is developed^ 
which heats and expands to a high d^ree the gases formed. 
• Borates of Oxitie of Ethyle. — There appear to be several bo- 
mtee of oxide of ethyie, or boracic ethers. The neutral borate is 
9 Ae O + B 0„ corresponding to a terhydrate of the acid, S H O + 
3 0|. It is obtained by the action of chloride of boron on absolute 
alcohol, and is a mobile liquid of a peculiar pleasant odor, and a 
warm bitter taste. Its density is 0*8849 ; that of its gas is 5*14, 
corresponding to 4 vols, for the formula above given. It boils at 
246° F., and is decomposed by water, which dissolves it, yielding 
boracic acid and alcohol. 

Another b<»rate is the biborate of ethyle, Ae O, 2 B 0| ; which 
is formed by the action of boracic acid, previously fused to expel all 
water, on absolute alcohol. It is a viscid liquid of an ethereal smell 
and a pungent taste. 

SUicaiii of Oxide of EthyU, — These are also several silicic 
fibers.' That formed by the action of chloride of silicon on abso- 
lute alcohol, is 4 Ae O + ^ Si O. It is a limpid ether, of a pleaa- 
aot odor and pungent taste, of Sp. G. 0*933 at 68° F., insoluble in 
water, which gradually decomposes it. It boils at about 380° F., 
and the density of its gas is 7*32 = 4 vols, for the above formula. 

There are two other compounds, the bisilicate, Ae O, 2 Si O, and 
the quadrisilicate, Ae O, 4 Si O. The former is a liquid of Sp. G. 
1-079, boiling at 662'' F. When left in contact with water, it is 
•loMriy decomposed, and the silicic acid is deposited as a hydrate, 
which it transparent and glassy, but contracts ultimately to a mass 
of hyaline quarts, sufficiently hard to scratch glass, and which in 
■ome caaee is true hydrophane ; that is, like that mineral, it becomes 
InuMparent in water. 

The quadrisilicate is a glaasy mass, like amber, softening by heat, 
and when still more strongly heatedi, yielding silicic acid, and the 
flat ether or protoeilicate. It is soluble in alcohol, ether, and tlie 
lm> pMeeding etheii. 
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Chloroearbanu! Ether, C« H, CI O4 = C^ H,, O + C, | ^f 

18 formed when absolute alcohol is placed in contact with chioro> 
carbonic acid sas. It appears as an oily liquid, of 8p. G. 1*138, 
boiling at 200 . It is formed as follows : 2 eqs. of chlorocarbonic 
acid and 1 of alcohol, losing 1 eq. hydrochloric acid, yield 1 eq. of 
the new ether. C, O, CI, + C4 H« O, = H CI + C, H, Q O4. It 
may be viewed as a compound of oxide of ethyle, with a peculiar 

acid, C, •< qI ; or as carbonic ether, C^ Hs Oj, plus 1 eq. chloro- 
carbonic acid, C \ Qi. 

Carbamate of Otfide of Eikyle, Carbamic Ether, Cc H^ N 0« 
Stn. Urethane, is formed by the action of ammonia on the pre- 
ceding compound, along with sal-ammoniac, from which it is separ- 
ated by being sublimed, or rather distilled, when it passes over at • 
gentle heat, as a liquid which crystallises on cooling. It is rety 
soluble in water and alcohol, and yields very large crystals. It maj 
be viewed as chlorocarbonic ether, in which amide, N H,, has been 

substituted for the chlorine, C4 H^ O + C, •< ^'^ . It is formed 

as follows : C. H, CI O4 + 2 N H, = (NH„H CI) -f C, H, NO4. 
Berzelius, with much probability, considers it as a compound oif oxide 
of ethyle with an acid, not yet known in the separate form, contain- 
ing the elements of carbonic acid and carbamide, just as oxamic acid 
does those of oxalic acid and oxamide. On this view its rational 
formula will be C4 H, O + C 0„ C O N H, = Q, NH, O4. 
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It is remarkable that three other compounds, quite disdnct in 
properties, have the same empirical formula as urethane or carbamio 
ether. These are laetamide, or anhydrous lactate of ammonia, C^ 
H4 O4 4- N H, ; sarcoeint, C, N H7 O4, a new base, derived from 
creatine, and alanine, a compound homol^ous with glycocine. 

CyanaU of Oxide <f Ethyle. Stn. (^nic Ether. Ae O, Cy 
O = C« N H| O,. Obtained by Wurtz by heating sulphovinate 
with cyanate of potash. It is a very pungent, volatile liquid. The 
8p. G. of its vapor is 2*4. It forms, wiUi ammonia, a crystalline 
body, C« Nt H, O, = N H, + C, N H, O,. The constitution of 
this compound is uncertain. In contact with water, cyanic ether 
yields carbonic acid and a new compound, 2 (C| N H| 0|) -f 2 H 
O = 2 C O, -f C,o N, Hi, O,. The latter body is crystaUiue, soluble 
in alcohol and water. It is either butylo-urea (a body homologoos 
with urea), or diethylo-urea, which is isomeric with that com* 
pound. 

Ethylo-urea, C, N, H, 0„ is formed when cyanate of potaih 
is heated in solution with sulphate of ethylamine. The nnhstaime 
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thus formed is truly homologous with urea and methylo-urea. Its 
formation corresponds to that of urea from cyanate of potash and 
sulphate of ammonia, K 0, C, N O + C4 H7 N, H O, S 0, = K O, 
8 0, + C«N,H,0^ 

AUophanate of Oxide of EihyU, — ^This compound is formed 
when the vapor of hydrated cyanic acid is brought in contact with 
a mixture of ether and alcohol. It forms brilliant prisms, which 
may be purified from cyamelide by being dissolved in boiling alco- 
hol, or m boiling water. Its formula is C, N, H9 0« = C4 H| O, 
G4 Nf Hi Os . It was formerly supposed to consist of 2 eqs. hydrated 
cyanuric acid, 3 eqs. oxide of ethyle, and 8 eqs. of water ; and it is, 
in fact, resolved by heat into alcohol and cyanuric acid. But Liebig 
and Wdhler have shown that it is composed of oxide of ethyle and 
of a new acid, namely, anhydrous allophanic acid, C4 N, H, O^ . The 
former view was quite anomalous, since oxide of ethyle unites only 
with anhydrous acids ; and the latter, therefore, brings the com- 
pound into the ordinary category of compound ethers. 

Allophanic acid is unknown in the hydrated or separate state, 
the formula of which would be C4 N, H, 0„ H O = C4 N, H4 0«. 
It forms crystallisable salts with baryta, potash, and soda, but when 
we attempt to isolate it, it is resolved into urea and carbonic acid, 
C4 N, H4 6, = C| N, H4 O, + 2 C O,. Allophanic acid is produced 
by the action of 2 eqs. of hydrated cyanic acid on 1 eq. of alcohoL 
liie water of the alcohol, added to the cyanic acid, produces the 
new acid, which combines with the oxide of ethyle. Thus, 
2(C, N 0, H O) + C4 H, O, H = C4 H, + C4 N, H, 0,. 

> I I ■■ y * V -y / N V ^ »i .y J 

Hjdratod CyMb Add. AkoboL Osld« of Etkyto. AlJopknk Add. 

CyanuraU of Oxide of EthyU. Cy, 0„ 3 Ae O = C^ N, H,, 0« 
rWurtz). Stk. Cyanuric Ether, This compound is obtained by 
oeating sulphovinate of potash with tribasic cyanurate of potash. 
It forms brilliant crystals, melting at 185°, and boils at about 
629^. The density of its vapor is 7*4. It is soluble in alcohol 
md ether. 

limpricht has discovered a compound, C14 N, Hn Of, which may 

be viewed as a cyanuric ether, with 2 eqs. of oxide of ethyle and 

2 Ae O ) 
one of basic water, €« N, O, + HOT' ^"^ ^^ ^^ ^^ opinion 

that neither this nor the preceding compound are true ethers, be- 
cause they do not yield cyanuric acid and alcohol when heated with 
potash, but carbonic acid and ethylamine. If not true cyanuric 
others, they are at least isomeric with such compounds. 

Oxide of Ethyle and Potaseium. C4 H, O, KG = ^' ^ [ O* 

Stn. Alcoholate of Potash. This body is formed when potassium 
loii on pure anhydrous alcohol : 

C|H.lO . X.C4H.10 . „ 
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It forms liurge transparent crystals. When acted on hj ohl<^de 
«r iodide of e^yle, oxide of ethyle is reproduced, thus : 






+ KI. 



BASES CONTAINING ETHYLS. 

JSthykmUne, C4 H, N = N Ht Ae. This base, discovered bj 
Wurtz, is homologous with methylamine, and is obtained exactly 
in the same way, by heating cyanic ether, cyanurici ether, or ethylo- 
urea with potash. 

C4 H, 0, C, N O + B (K 0, H O) = 2 (K 0, C 0,) + C4 H, N. 

% » ■ * N ^.^ ' 

We have only to treble this equation to explain the formation oC 
ethylamine from cyanuric ether. The following equation explaina 
its production from ethylo-urea. 

C. N, H. 0, + 2 (K 0, H O) = 2 (K O, C 0,) + K H, + C4 H, N. 

Ethjrlo-WM. EthjUalae. 

Ethylamine may be obtained by other processes. Hofmaim ha* 
produced it by the action of bromide of euiyle on ammonia. 

N H, + C4 H5 Br = H Br + C4 H, N. 

Strecker has discovered another method of obtaining it When 
neutral sulphate of oxide of ethyle is acted on by dry ammonia, 
there is formed the ammonia salt of a new acid, sulpheUiamic acid. 
When this salt is boiled with carbonate of baryta till all ammonia 
is expelled, and the residue distilled with potash, ethylamine is 
obtained. The sulphethamic acid (C,e N Hg O4, 4 8 0,) yields^ 
when decomposed, several different products, and as all of these are 
not yet known, the change cannot he represented in the form of an 
equation. 

Lastly, ethylamine is found in the basic oil of coal-tar, and in the 
basic part of animal oil, produced by the distillation of animal 
matter ; and it appears also to occur among the products of the 
oxidation of some vegetable products. At all events, other bases of 
this series, such as methylamine, propylamine, and butylamine, are 
80 produced. It is probable that many sources of ethylamine re* 
mam to be discovered. 

Ethylamine is a volatile liquid, boiling at 68® F. Its density in 
the liquid form is 0-6964 at 46o F. The density of its gas is 1-57 
to 1-60. The density of its vapor is 1-5568. It mixes r^ily with 
water, developing heat It has a very pun^nt ammoniacal smell, 
with something putrid or empyreumatic. This is natural, since the 
smell of empyreumatic animal oil is made up of those of ammonia, 
methylamine, ethylannne, Ao.| besides other oik, such as creosote. 
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It is also probable that in the putrefaction of animal matter, not 
only ammonia, but also methylamine and ethylamine, are fonned. 
Ethylamine has no doubt long been overlooked from its great re- 
semblance to ammonia. It is powerfully rubefacient, and even 
caustic. It takes fire on the contact of a light, and bnrns with a 
yellowish flame. 

It is a very strong base, being the second in the series of methy- 
lamine. Its rational formula is Ad Ae, or N H, Ae, which may be 
thus compared to ammonia, Ad U, or N H|, H. 

H| H ) 

Ammonia, N H > Ethylamine, N H >• 

H) Ae) 

Like methylamine, it is an amide base of the general formula N 
Hf + R, or Ad R ; R being hydrogen, or any radilsal of the methylie 
series, or even of other series, such as that of phenyle. It expels 
ammonia from its salts, with the. aid of heat, and acts on metallic 
solutions very much as ammonia and methylamine do. An excess 
of it dissolves alumina even more readily than ammonia does. 

The salts of ethylamine resemble those of ammonia and methyla* 
mine. It forms double chlorides with the chlorides of mercury, gold, 
And platinum. The latter salt forms golden-yellow crystals, more 
solttble than the corresponding compound of ammonia* 

Ethylamine acts like ammonia and methylamine on the proto- 
chloride of platinum, and gives rise to two new platinised bases, 
probably to as many as ammonia. Wnrtz compares as follows the 
two bases of Reiset with their homologues containing ethylamine 
9Jod methylamine : 

Ammonln Mrl«a. llcthyU Miiei. KthyU niiM. 



Base a. 



j.(H,t ^ Me 

^ ] Ft ( H 

|Pt 



NJAe 

N^Ae 
iPtJ 



Baeeb. n5j[ N Me [ N Ae I 

It cannot be doubted that all the other platinised bases will also 
find homologues in the ethyle and methyle series ; and farther, that 
nmilar compounds may be formed with the other members of the 
aeries, homologous with methyle and ethyle. 

When ethylamine is acted on by oxalic ether, there it formed 
eihyloxamide, homologous with oxamide. Its formuhi is €« N H« 
Of It is soluble and crystallisable, and represents oxamide, in which 
1 eq. of hydrogen is I'eplaced by ethyle. Its formation is as follows ; 

C4 H« o, c, o, + C4 n, N = C4 n« 0, + c. N n« Oa. 

^ y » » ,1 , f y I y ■ / 

OnbU or Iibjl^ Alcohol. WfiQlommH^ 
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Tlie acid amide, corresponding to oxamic acid, probably exists, bat 
has not yet been described, as m the case of methylamine it has. 

Dkthylamine^ Cg H,, N = N H, Acf This is an imide base; 
that is, ammonia, in which 2 eqs. of hydrogen are replaced by 
ethyle. It is formed by the action of bromide of ethyle on ethyla- 
mine, thus : 

C4HTN + C4H.Br = HBr + C.H„N. 

It is a volatile inflammable oil, soluble in water, and strongly basic 
Its salts have been little examined. 

If bromide of ethyle were made to act on methylamine, or bro- 
mide of methyle on ethylamine, it is quite certain that the result 
would be the formation of an imide base, ethylomethylamine or 
methyletbylamine, Cg H9 N, in which the 2 eqs. of hydrogen are 
replaced by two different radicals. 

C4H»Br + CHtN = H Br + C,H,N = N H, Me Ae. 

We shall see further on that several similar imide basea have thus 
been formed. 

Triethylamine, Cn H,s N = N Acj. This is a nitiyle base, or 
ammonia, in which all 3 eqs. of hydrogen are replaced by ethyle. 
It is obtained by the action of bromide of ethyle on dietbylamme^ 
thus: 

N H, Ae, + Ae Br = H Br + N Ae., or 
CcH„N + C4H,Br = HBr + Cx,H,»N. 

It is a light, volatile, inflammable liquid, but less so than diethylft- 
mine, and it has strong basic properties. The double chloride of 
triethylamine and platinum is very soluble, and forms large and fine 
aurora-red crystals. 

It is evident that we may expect to obtain other nitryle bases, in 
which both methyle and ethyle are present, such as diethylomethy- 
lamine, N, Me ACf, and dimethyl ethylamine, N, Me^ Ae. J3ut these, 
as well as trimethylamine, N Mei, are not yet known. We shall 
find that various nitryle bases, however, arc already known, in which 
ethyle is associated with other radicals to be afterwards described — 
namely, amyle, C|o H,i, and phenyle, C,| Hj. 

The three ethyle bases above described, ethylamine, diethylaminei 
and triethylamine, are all formed when bromide of ethyle acts on 
ammonia. In them the 3 eqs. of hydrogen are successively replaced 
by ethyle, while the type of ammonia remains entire ; for all these 
bases are volatile, and m the highest degree analogous to ammonia. 
But the action does not stop here, for a fourth compound is formed^ 
along with the three preceding, and in this, as we have seen under 
methyle, the type is changed, the base is no longer volatile, but its 
basic properties are stronger than ever. 

Teireihylium^ N Ae^, is formed along with the three preceding 
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bases, in the action of bromide of ethyle on ammonia, or still better, 
when triethjlamine is acted on by iodide of ethjle. , 

NAe, + AeI = NAe«I. 

The compoand N Ae4 1 is the iodide of tetrethylium, and when this 
is decomposed by oxide of silver, iodide of silver and oxide of tetre- 
thylium are formed. N Ae4 1 + Ag O = Ag I -h N Ae4 0. The 
oxide dissolves in water, and by evaporation is obtained as a caustic 
hydrate in crystals, which, liKe caustic potash, absorb water and 
carbonic acid from the air. The group N Ae4 = On Hn N, is really 
in its chemical relations an organic metal, perfectly analogous to 
ammonium and to potassium. 'Hie oxide resembles potash, and haa 
at once the caustic taste of that alcali and the bitterness of quinine. 
It saponifies the oils just as potash does, and in all its reactions, OQi 
metallic solutions as well as on organic compounds, it closely re- 
sembles potash. 

Under the corresponding methyle compound, the analogies and 
the differences between that compound and its oxide on the one 
hand, and ammonium and its oxide on the other, have been fully 
pointed out. 

When heated, the hydrated oxide is resolved into triethylamine, 
water, and defiant gas, N Ae4 0, H O ;= N Ae, + 2 H O + €42^ 

The salts of this base are crystallisable, but most of them aie 
deliquescent The double chloride of tetrethylium and platinum, 
N Ae4 CI, Ft Cl|, instead of being more soluble than the conrespond* 
ing salt of triethylamine, is, like those of potassium and ammoniumi 
sparingly soluble. 

Methylotriethylium, C14 His M = N Me Acj, is formed when 
iodide of methyle acts on triethylamine. It corresponds in chara&- 
ters to tetrethylium, and its oxide is a powerful bitter base, yielding 
crystallisable salts with acids. It is decomposed by heat, but the 
products have not been studied. It will, no doubt, yield water, a 
carbo-hydrogen, and either triethylamine or methylodiethylamine. 

Tlie four ethylised bases, when acted on by chlorine and bromine, 
yield substitution products, in which, however, the basic character 
IS lost This evidently because the chlorine or bromine introduced 
does not replace the basic hydrogen of ammonia, but some of the 
hydrogen of the ethyle. Wurtz has described dichlorethylamine, 

C4 H, CI, N = N H„ C4 ^» i , and dibromethylamine, N H„ C4 ^^^ [ . 

Hofmann has obtained con'esponding substitution products from 
tetrethylium, in which the hyarogen is partially replaced by chlo- 
rine, bromine, and iodine ; they crystallise beautifully, but are not 
basic. 

According to Hofmaun, when cyanic acid is added to the hj« 
dntid oxide of tetiethyUam, there it obtained a cryitaliine body, 



444 HYDRATES OZB>S OF AQVrrUilOCONIUM. 

:irfaich is an uiea^in which the four dq& of hydrogen are leplaeed 

by 4 eqs. of ethyle. 

Ca N, H4 Ot = Urea. C, N, Ae* 0, = Cn N, Hm 0, = Tetrethylo-urea. 

We have thus seen that ethylised compounds exist, all of which 
are basic, but which belong to four different classes of bases ; three 
of these, the amide, imide, and nitryle bases, being volatile homo- 
logues of ammonia, and the fourth, or ammonium bases, homolc^es 
of oxide of ammonium, but differing from it in this, that whOe am- 
monium is resolved into ammonia and hydrogen, and oxide of am- 
monium seems to be identical with ammonia plus water, these am- 
monium bases have acquired new and permanent characters, ceasing 
to be volatile without decomposition, and exactly resembling oxide 
of potassium. 

A number of new compounds of acetyle have lately been discov- 
ered, some of which are bases. Hie following are among the prin- 
cipal ones : 

Acett/lammonium, — Natanson has recently shown that acetyle, 
C4 H| , is capable of replacing 1 eq. of hydrogen in ammoniunii 
K H4 , yielding a new radical or compound metal, acetylammonium« 

Tf ) 
N pVj3 v.= C4 He N. This is unknown in the separate state, bnl 

its hydrated oxide is a base. 

Hydrated Oxide of Acetylammonium^ C4 H« N O, H O, is best 
obtained from the oil of olefiant gas, C4 H4 Cla . When this oil, 
which is the hydrochlorate of the chloride of acetyle, C4 H| 01, H 
CI, is heated 302^ in a sealed tube, with five times its bulk of the 
strongest aaua ammonise, it is dissolved and a yellow liquid ob- 
tained, which contains sal ammoniac and the chloride of the new 

radical, C4 H, CI, H CI + 2 N H, == N H4 CI -f N^» ^^ la 

After the sal ammoniac has been separated by crystallisation, the 
mother liquid, which contains the cnloride of acetylammonium, is 
acted on by moist oxide of silver, evaporated to dryness to expel the 
excess of ammonia ; the residue, dissolved in water, treatc^l with 
sulphuretted hydrogen to remove some silver dissolved by the new 
base, and the filtered liquid is now a solution of the hydrated oxide 
of acetylammonium. it is carefully neutralised by sulphuric acid 
the sulphate decomposed by baryta water, taking care to avoid ex- 
cess of baryta, and from the mass alcohol dissolves the new base. 

Neither the hydrated oxide, nor its salts can be obtained in crys- 
tals, but their constitution is demonstrated by their reactions. Thu8| 
when to the solution of oxide, hyponitrite of silver is added, with a 
little sulphuric acid, and heat applied, aldehyde is regenerated. 

^* ^J [ N O, H O + N O, = C4 H, O, H O + 8 H O + N, 

. This exactly corresponds to the actioa of byponitroua aotd ca 
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ethylamine, when aloohol w regeoerated, and proves that the new 
compound contains acetyle replacing hydrogen. 

With nitrate of silver and ammonia, the base or its salts yield a 
mirror-like deposit ef silver, proving that here also aldehyde, that 
is^ hydrated oxide of acetyle, is regenerated. 

The hydrated oxide, when its solution is dried up, forms a tougk 
yellow amorphous mass. Its solution has a strong alcaline reaction, 
and a §eMe caustic taste. When boiled, it has &e peculiar odor of 
alcaline leys. The new base expels ammonia from its salts and at* 
tracts carbonic acid from the air. It is, therefore, like the hydrated 
oxide of tetrethylium, analogous in constitution to hydrated oxide of 
ammonium, and in properties, to hydrated oxide of potassium dr 
caustic potash. It is, however, from the negative character of acetyl^ 
m weak base, and its sahs, with the stronger adds, are all somewhat 
acid. 

These researches of Natanson are not yet completed, but we have 
ffiven here the first part of them, because they have an important 
bearing on the question of the real existence of the negative radi- 
cals, formyle, acetyle, and their homologues. It is evident that 
tiie existence of the base just described, is strongly in favor of iht 
riew which admits these radicals. We may expect, not only that 
many bases, homologous with this one, and containing radicals higher 
in the scale, will bo obtained, but also that similar compounds may 
be formed, in which two, three, or all four of the equivalents of hy- 
drogen in anmionium are replaced by formyle, aoetyle, 6eq^ or partly 
by one and partly l^ another of these radicals, or even partly by 
these, and partly by ethylic or phenylic radicals. 

It might be expected that as hydrated oxide of tetrethyliunSi 
when heated, yields triethylamine and alcohol, N Ae4 O, H O = N 
Aet + Ae O, H O, the hydrated oxide of acetylammonium should 
yield ammonia and aldehyde when heated, 

^,^ || [n O, H = N H, + C4 H. 0, HO. 

This, perhaps, takes place, but at the same time the base \a charred, 
so that a further decomposition cannot be avoided. 

Natanson has not yet been able to obtain any volatile bases anal- 
ogous to ethylamine, &c., containing acetyle, as replacing the hy- 
drogen of ammonia. And from the circumstances that in the action 
of ammonia on the oil of olefiant gas, we obtain, not hydrochlorate 

of acetylamine,N n* -a f » H CI, but chloride of acetylanmionium, 

N q' TT {> CI, he draws the conclusion that the true fundamental 

bases are the ammonium bases, such as oxide of ammonium, or of 
tstrethylium, and that the volatile or ammonia bases are meralj 
iroducti 4)f tbair decompoaitiofu He infers alsO| that the msuDO^ 
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fiium theory of ammoniacal compounds is die only true one. But 
it is not easy to see how the facts prove these inferences ; for oxide 
of ammonium is unknown in the nee state, and his own base does 
not yield, when heated, the products which we should anticipate. It 
would seem rather that something in the relations of nitrogen and 
hydrogen renders ammonia, N H| , as well as its numerous homo- 
logues, very permanent : while oxide, or hydrated oxide of ammo- 
nium, N £(4 O, U O, is so unstable as not to be known in the free 
slate, on account of the attraction of oxygen for the fourth eq. of 
hydrogen. In the ammonium bases, the fourth eq. being ethyle, 
methyle, acetyle, or other similar radicals, has no such strong ten- 
dency to combine with oxygen, and therefore the compound mole- 
cule is more permanent 

It is worthy of remark, that hydrated oxide of aoetylammoniam 
is isomeric with aldehydammonia ; for, 

^^ Hjdr> Ud Odd* o f 

C« H, O, H O, N H, = N^^ ^ [O, H O 

the empirical fonnula of both being C4 H, N Ot . The differenoea 
in their properties are accounted for by the rational formulae above 
given, while the fact that they agree in some points, as in reducing 
the salts of silver, is also accounted for by both containing aoetyle, 
and yielding aldehyde when decomposed. 

Tke Benzole Compounds, — Some of these compounds will be found 
at page 347, but since the last edition of this work, not only several 
new ones have been discovered, but the new series of compounds, 
homologous with benzole, has been studied more comprehensively. 
This substance is the starting-point of a series of homologous com- 
pounds, the ffeneral fonnula of which is C„ H.— «, and the common 
difference added at each step, is C| Hf These compounds are all 
fragrant aromatic volatile oily liquids, or as we rise in the scale, fusi- 
ble solids. They all admit of their hydrogen being replaced, appa- 
rently to the extent of 1, 2, or 3 eqs., by chlorine, bromine, nitrous 
icid, and amide ; and in the last case they give rise to bases, of which 

aniline or phenylamine, C|, H7 N, or C„ ^^ |> , is the type. Here 

we see amide combined with the group Cn H|, (Cn H« (benzole) 
nUntu H.) Hence aniline may be regarded as ammonia, N Ha, 
H, in which the last eq. of hydrogen is replaced by C|s H|. To the 
group we give the name pbenyle, and hence aniline is also 
called phenylamine. Benzole may be regarded as the hydride of 
phenyle. Cn H^, H. Of course the homologues of benzole, namely 
toluole, xylole, and cumole, as they yield bases homologous with 
aniline, give rise to a series of groups of radicals, homologous with 
phenyle, and the general formula of which ieC. H.— 7. Since ben- 
lole, although derived from benzoic acid, which contains 14 e<^ of 
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oarbon, has itself only 12 eqs. of carbon, it cannot contain the radi- 
oal benzole, but is itself a new radical, derived from it ; just aa 
acetyle, derived from ethyle, contains 2 eqs. of hydrc^n less than 
ethyle. The preceding table will show some of the derivations of 
benzole, and indicate the homologous series to which each belonci. 
Only the compounds connected with benzole are there named, the 
formulsa only of those higher in the series being given. 

A VVW CfLASS or ALCOHOLS. 

We have already described acroleine, or the hydrated oxide of 
acryle, C^ H4 Of, and acrylic acid, C^ H^ O4. As these compounds 
have to each other the same relations as aldehyde has to acetic acid, 
it was natural to look for the alcohol of the series. 

Will had shown that oil of mustard is the suiphocyanide of the 
radical allyle, C^ H|, which is isomeric, but not identical with pro- 
pionyle. 

Berth elot and De Luca, by studying the action of iodide of pbo»- 
phorus on glycerine (the substance which yields acroleine), obtained 
the compound C5 H| I, which they called iodised propylene. And 
they further proved that when this iodide is acted on by suiphocya- 
nide of potassium, there are formed iodide of potassium and oil of 
mustard, or suiphocyanide of allyle. Oil of mustard had already 
been artificially produced from oil of garlic, which is the sulphide 
of allyle, but the recent experiments confirm Will's view by forming 
oil of mustard by means of a different compound. It is now evi- 
dent that the radical in the iodised propylene of Berthelot and De 
Luca is identical with the allyle of Will and Wertheim. 

Hofmann and Cahours have now succeeded in obtaining not only 
the alcohol of this series, but many other compounds, and haTO 
shown that there exists a series of alcohols, of which we are about 
to describe one, running parallel to the two series of alcohols already 
known, the methylio and the benzoic series. They have named tho; 
radical of the new alcohol acryle, which is sonoewhat unfortunate, a& 
that name was already given to the derived radical of acroleine and 
acrylic acid, corresponding to acetyle. It is not easy to see why 
they did not adopt \he name allyle, already given to the same radi-. 
cal in oil of mustard and oil of garlic. 

When iodide of allyle (for, to avoid confusing the reader, we shall 
retain the old name) is acted on by oxalate of silver, we obtain 
iodide of silver and oxalate of allyle, C,e H,o Og = C4 0«, 2 (Cg H 
O). This, acted on by ammonia, yields oxamide and allylic alcohol 
exactly as oxalate of ethyle yields oxamide and ethylic alcohol. 

Allylic (or acrylic) alcohol, Q Hj 0| = Cg H^ O, II O, is isomerio 
with acetone and with propylaldehyde, but is quite distinct from 
these two substances. It burns with a luminous flame, and mixe^ 
with water in all proportions. It has a peculiar pungent odor, xe 
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aanUing that of mustard, and this odor characterisea, mofe or less, 
all the compoands of this series. When acted on by potassium, hy« 
drogen is given off, and a transparent gelatinous mass is formed, 
corre^KMiding to the substance formed when potassium acts on alco- 
hol. The latter contains potassium, ethjle, and oxygen. The 
new body contains potassium, allyle, and oxygen. When this is 
acted on by iodide of allyle, iodide of potassium is formed, and 
oxide of allyle, or allylic ether, is separated, as a liquid lighter than 
water, and insoluble in it The action is as follows : 

By distilling allylic alcohol with chloride, bromide, or iodide of 
phosphorus, the chloride, bromide, and iodide of allyle are easily 
obtained. With potash and bisulphide of carbon allylic alcohol 
yields a splendid yellow salt, corresponding to the xanthate of po- 
tassium. 

With sulphuric acid, allylic alcohol forms an acid corresponding 
to aulphuric acid. The new acid forms a soluble salt with baryta : 

Ba )S04 
C.H.fS04 

The carbonate, acetate, benzoate, oxalate, oxamate, and cyanate of 
oxide of allyle have all been formed and analysed. 

The cyanate of allyle, with ammonia, yields fine crystals of ally- 
lurea; 

If we suppose the 2 eq. of oxygen in this were to be replaced by 
anlphur, we have thiosinnamine, already described under oil of mus- 
tard, the formula of which is 

C.H.N,8, = C^«H^|n,8,. 

Aniline forms with cyanate of allyle a corresponding compound, 
analogous to allylurea, which crystallises beautifully. 

With water, cyanate of allyle yields diallylurea, Cu H|, N, 0| = 

Gt n /p 'rr \ {- ^i 0|, which has been already mentioned as sinapo- 

yne, and represented as diallylic urea. 

When cyanate of allyle is heated with potash, sinapoline rises to 
the surface, and an alcaline liquid distils over, which is a mixture 
of volatile bases. Among these have been already detected Methy- 
lamine, Propylamine, and AUylamine, or Acrylamine, C, H, N = 

N ^^ \ . This new base boils between 180° and 190° ; but it 

has not yet been found possible to obtain its platinum salt crystaU 
liMd. 

29 
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nese resnlls prove incontegtablj the ezistenoe of a new series of 
alcohols, running parallel to that of the methylic and etliylic alco- 
bols, and of a Dumber of other Bcries connected witii thit one, and 
parallel to the corresponding aeriea connected with alcohol and ace- 
tic Hcid, BO often referred to. The following table contains the for- 
muliB of the compounds of the allylic or acrylic uries hitherto ob- 
tftinod, along with those of the ethylic series. 



C H. O, 

€*„";. 8; "'t i^na.™™^ }c;h;.o; 

C H. a Chloriae C.H, a 

C. H. Br firomid* C, H. Br 

C H, I lodidB CH, I 

C, Ht 8, or t Solpbidv. 1 C< B. S, or 

C„ H„ B, t OU of Qarlio. flalpblds oT Ethyle 1 C^ H,. B. 

C Hfc C IT 8, j cK|orMml«rd? SalJ2(»yMiidB ofEthjlB { C. H„ C, S B, 

C^ (K, C, Ht) St O, Xaatbste of pouuiam C; (K, C« H.) 8, O, 

C H, 0,CMO Cjmutn CH,0,CNO 

C(H^CH.)H.O. |^„j,i„ STsUijUcf C.(H^C.H.)H.O. 

C| (Et, C( E() IT, B| 8alpbnTetted DrsL ThlounnuniDg. t 

C(H,iCH.)N,O.....JDijj^l/'~-I^jh,f C(e,iCH.)N.O. 

C, (C, HJ,0, Oislkta C,(C.H,),0, 

C, H, (C, H,)NO, Onun*t« C,H,(C, H.) N O, 

C, II, 0. CO, Ckrbonata Ct H. O, C (J, 

CU,O.C, «,!>■ AoMMc C. H, O, C, II, O, 

CHtO, C„B,D Bnuotde C.H.O, C,. II.O, 

C.U.O, HO.lBO, Balpho-uid C, II.O, HO, SBO, 

NHhC^H, Anad«bM« NH^C.U. 

C-^0. JAcrrli5''""Aee.ylU.j C.H,0. 

<=■"•*>• ''^"dZibo^" '^"'°' 

^^ |propyf«n«. UinbKMf ^^ ' 

It will be seen that tbe analogy is perfect. Hie aldehyde of the 
new aeries is acrotaioe, or the bydrated oside of the radical C« H(, 
already known by tLe name of scryle, and correspoDding to aoetyle^ 
C4 H,. Aci^lic acid, also long known, is the hydntled tuoxido of 
the radical <^ H,. 

Now we hare already seen that acrylic acid is one of the homo- 
Ic^us serira, of which we bavc named hi members, namely, acrylic 
acid, the third ; angelic acid, the fifth ; m(»iitgic add, iLe fifteenth ; 
oleic acid, the eighteenth; drnglinic acid, the nineteenth; and 
emcic acid, the twenty-second in the ■eneS' 

We cannot now doubt that, like acrylic acid, each of these, m 
well as each of the unknown members of the series, will be found 
to have a corresponding alcohol. These alcohols, whose existence 
implies, in each case, that of compouads corresponding to those in 
the table just given and many others, do not appear to occor io 



mw OLAfls or Acnm. 4fil 

nature; bat it seeins likely that they may be obtained from bodies 
like the iodide of allyle, C, H, I, tu ^e allylic alcohol has been from 
that compound. Indeed, Hofmann and Cahouis have already found 
that bromide of raleryle, C,g U, Br, undergoes changes similar to 
those seen in the iodide of allyle ; and also that some of the com- 
pounds from olefiant gas, probably iodide or bromide of acetjle, 
C| H, I, or Ot H, Br, appear to yield analogous results. 

We may here subjoin a short table, showing the relations of the 
new alcohols and their derived acids to the old alcohols and their 
derived acids : 



CvboniotC, H, O, Fonnio 

V4 Ut l»,MLi¥Iio u. Hi 0, C, H, O, Aoelio 

. . . JyUoC* n, CPropylioC, H, O, AorrUo f. ir. O.PropvUo 

Ct U, 0| C, H„0,Bulylia C, H, 0, C, II, U.Bntyric 

CuH„0. C„H,,U>AmyIio C„ H. Ot Anffatic C„H,. O. Valeria 

(^ H,i 0| Cu If » O, Hexylio Ci, 1I„ 0, C,, H „ O. Cspraia 

C„Hn Oi Cu U„0,lfop^1iaC, H„ 0, C„ H„ D,<EDnDth; 

Cm Hm 0* Ot, U,, 0,Octjlia C,, H„ 0, (j^, H „ O, Cipi^lio 

Cn Bh 0, Cm Hm O, Cm Hh O, Oleic Cm Hm O, SUarla 

There are many blanks in this small extract, as it were, from the 
entire table. But these will rapidly be filled up. 
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basic volatile acids of the formylic series. In the bensoic group 
there is also a series of monobasic volatile acids, of which benzoic 
acid is the type, and which, like the acids of the formylic series, 
contain, in the hydrated state, 4 eqs. of oxygen. 

Now, Hofmann has found that cuminic acid, one of the acids of 
the benioio series, the formnU of which is Cn H,, O, , when boiled 
with chromic acid, is converted into a new acid, which he calls 

Imolinie Aeid, C„ H, O, = G„ H« 0„ 2 H O. This acid is in- 
soluble in alcohol and ether, and it bears to one of the acids of the 
benioic series a relation similar to that which exists between oxalio 
add and formic acid. For insolinic acid is bibasic, like oxalic acid, 
and it will be seen, by the following table, that it contains 2 eqs. of 
carbonic acid more than the corresponding monobasic acid, just as 
oxalic acid is formic acid pltu 2 oqs. of oarbonic acid. The series 
of the monobasic aromatic acida is itself very imperfect, and of the 
corresponding bibasic acids two only ore known, namely, insolinic 
acid, and phtalic acid, the latter having been recognised as a mem- 
ber of this series, in consequence of the discorery of insolinic acid. 
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Cm H. O4 Benxoio C|« H« 0« Phtalio 

C,« H. O4 Tolnylio C,«H« 0« InaoUnio 

C„H,,0« t CmHmO, f 

Cm Hu O4 Cominio Cm Hm 0« f 

Thxa we see, that in another quarter a new homologous aeries of 
adds has been detected. We have now the formyiic series of adds^ 
the oxalic series of bibasio acids, the acrylic series monobasic, the 
benzoic series monobasic, and the phtalic series bibasic. It wiU be 
obserredf that while the two monobasic series, the ibrmjlic and 
benzoic, have each a parallel bibasic series, the monobasic acrylic 
series has, as yet, no such bibasic series parallel to it. But if to 
acrylic acid, C^ H4 O4, we add 2 0,, which is the difference be- 
tween formic and oxalic acids, we obtain the formula Og H4 0^, 
which is that of noAleic and fumaric acids, well-known bibasic acidsi 
OiHiQs, 2H0. The next acid in this series will be Oi«B^O,=: 
0|t H4 Oe 9 2 H ; and this is the formula of itaoonio and citraconio 
acids, both bibasic. I think it very probable, therefore, that some 
of the acids just named will prove to belong to a bibasio series, 
parallel to the acrylic series, and differing from it by 2 eqs. <^ car* 
bonic acid. And thus we see how every discovery in oi^nic chem- 
istry tends to reduce all known compounds to nomologous series. 
The homology of maleic and fumaric acids, with itaconic and citra- 
conio acidsi mis not, till now, attracted notice, but the discovery of 
insolinic acid has not only found a place for phtalic acid, but enac 
bled us to perceive that the vegetable acids just named may also 
have their place in a series not remotely connected with that of 
alcohol, or rather with that of acrylic alcohol, and with that of the 
glycerides. 

KXW PHO8PHORI8ED BASES. 

Th^aard, as already mentioned, has shown that methyle can 
replace the hydrogen in phosphuretted hydrogen, PH,, and thna 
give rise to new bases. 

Hofmann and Oahours have recently, by adopting a new method, 
greatly extended our knowledge of theseir The process consists in 
the action of terchloride of phosphorus on zincomethyle, sncethyleii 
rincamyle, &c^ when chloride of zinc is formed, along with the 
base. 

The bases thus obtained are volatile, and correspond to ammonia^ 
in which the nitrogen is replaced by phosphorus, the hydrogen by 
methyle, dec The compounds P Mci, analogous to cacodyle. As Mei, 
and P Meg, analogous to ammonia, were obtained by Th^nard. 

Hofmann and Oahours have not only obtained the compounda 
P Ae, and P Aylj, but by the action of the iodides of methyle, 
ethyle, and amyle on these, have formed a number of ammoniam 
bases, analogous to tetramethylinm. These last are obtained aa 
iodides, from which, by the action of oxide of silver, thehydm* 
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ted oxides are obtained, which in properties are analogous to Hof- 
mann's hydrated oxides of tetramethjlium and tetre^yliam, d^x 
The following table contains the formulae of the radicalsi bases, or 
iodides of radicals which they have obtained. 

PMe. ^Ayl r 

PMe*! PAyl,t tAyl^&OMHu 

pMe, K PAy4l 

^ Aet P tA«sO<Ht pAyl.lT 

The iodides in this table, acted on by the oxide of silver, yield 
the hydrated oxides of the several ammonium radicals, and from 
these the other salts are obtained. At present we have only the 
general results. The details will soon be published. 

It appears, as might be anticipated from the existence of caco* 
dyle and arsenethvle, that arsenic yields a series of similar com« 
pounds, and doubtless the other metals which have been shown to 
combine with radicals of the ethylic series will be found to yield 
compounds, analogous to some, if not all the above. 

TRI6SNI0 ACID. 

This acid is formed, along with other substances, when the vapor 
of hydrated cyanic acid is brought in contact with aldehvde. It is 
first obtained mixed with cyamelide and aldehvdammoma, but the 
whole mass is dissolved in hydrochloric acid of moderate strength, 
and boiled as long as aldehyde is given off. On cooling, trigenic 
acid is deposited in small pnsms, sparingly soluble in water, nearly 
insoluble m alcohol. Its formula is €« H7 Nj O4 = Cs He Nj 0„ HO, 
and it is monobasic. The silver salt is somewhat soluble in hot wa- 
ter, and is deposited on cooling in very minute crystalline spherical 
concretions, which become violet in the light Leaving out of view 
the other products, which are secondary, the formation of the acid 
is explained as follows : 

C4H4O, + 8(C,N0,H0 rrCgHrNjO* + 4C0. 

▲Mahjd*. Cyuiie AeM. Trigwiie Add. 

This acid contains the elements of anhydrous cyanic acid and of 
aldehydammonia. 

c, H, w, U4 - Q^ j^ Q f C4 H. O 

8UDORIO ACID. 

According to Favre, this acid exists in combination with potash 
and soda in the sweat It is not yet known in a state of perfect 

Surity, but its concentrated solution does not crystallise, and, When' 
eated, gives off ammonia. Favro analysed a mixture of todorkte 
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of silver widi chloride of silver, and obtained results from which» 
after deducting the chloride, he calculated for the sudorate of silver 

the formula Cw T* [ N O,^ ; so that the acid will be C,o Hq N Oi4 = 

Cio H« N0||, HO. If this be confirmed, it is interesting as indica- 
ting some relation between sudoric acid and uric acid, as well as 
zanthio oxide and inosinic acid, all of which contain 10 eq. of car- 
bon. 

The salts of this acid with bases are all very soluble, but do not 
crystallise. This circumstance makes their purity somewhat doubt- 
ful. These salts are also soluble in absolute alcohol, except the 
ftilver salt 

THTMIKX. 

This name has been given by Gorup Besanez to a new base^ 
(bund by him in the thymus gland of the call This is extracted 
by cold water, after removing as much fat as possible, and yields a 
reddish, very acid, liquid, which when evaporated deposits a brown 
eoagulum. The supernatant liquid is quite limpid; baryta pre- 
cipitates from it the phosphoric acid. The filtered liquid, when 
evaporated, forms caseous pellicles, consisting of carbonate of baryta 
and organic matter, and leaves a brown syrupy liquid, with an odor 
of soup. The addition of alcohol or ether causes slowly a deposit 
of impure thvmine ; which is purified by solution in boihng alcohol, 
and is deposited on cooling, as a shining powder, formed of minute 
crystals. 25 lbs. of the thymus gland yielded by this process only 
3 or 4 grains of thymine. 

It has neither taste nor smell ; is very soluble in water, soluble in 
hot alcohol, insoluble in cold alcohol, in absolute alcohol, or in 
ether. Heated in a tube it melts, yielding a crystalline sublimate 
and alcaline vapors with a smell like that of hydrocyanic acid. Its 
salts are crystallisable. The hydrochlorate and sulphate are both 
efflorescent ; the chloroplatinate forms octohedra, soluble in water, 
insoluble in alcohol. 

TBS THXORIES OF CIIXMISTRT. 

The late discoveries in organic chemistry have done as much, 
perhaps, to confuse our notions upon the theory of the arrangement 
of atoms, as they have to elucidate them. But although there ap- 
pears a great discrepancy among chemical philosophers in regard 
to the true theory of the arrangement of the atoms in an organic 
compound, still the late discoveries of a great mass of facts are but 
paving the way for that great attainment. The remarks of Pro- 
fessor Gregory upon this subject are not irrelevant here, and are 
not only significant upon the subject of chemical theoir, but present 
the wonderful fertility of organic combinations in a stnking light. 

Let us briefly recapitulate the different daases of oompounda 
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treated of in this section, and represented in the tahle. This will 
best be done in a tabular form, and the reader will bear in mind 
that the vertical list here given corresponds to the horizontal line of 
the table of homologous compounds, which is only a selection from 
it, and that each number here given is the starting-point of a series 
of homologous compounds, the formuIsB of which are obtained by 
simply addmg C, U, successively to the formulse of the methyle 
compounds, here taken as the lowest in the series. 

Now, when it is considered that all of the compounds in the follow- 
ing table, known as the methyle and formyle series, and all that of 
ethyle and acetyle ; that each of these 37 compounds is the starting- 
point of an homologous series, like that of fatty and oily acids, No. 
29, which have been described ; and that several of the numbers, 
namely, Nos. 12, 14, 15, 16, 17, 18, 19, 20, 21, 25 and 85, being 
bases, combine with all acids, and that each salt thus formed is also 
the starting-point of a similar series ; that the bodies under Nos. 13 
(of which there are several, such as oxalovinic, tartrovinic, phospho- 
vinic, and carbovinic acids, not mentioned in the table) and 29, 
being acid, combine with all bases, and that each salt thus formed 
is the starting-point of a new homologous series ; that the radicals 
and bases, from No. 14 to No. 22, all admit of substitution of one 
radical for another, yielding new bases, and consequently new salts 
ad infinitum; and finally, that probably every compound in the 
table admits of the substitution of chlorine, bromine, iodine, and 
nitrons acid for part of its hydrogen, thus yielding other inexhausti- 
ble series of new compounds, it will be seen, that even this formida- 
ble list, and the large table, are nothing more than short extracts 
from the real list of possible and probable compounds, producible by 
art, besides the infinite variety of nature. And yet, bearing in mind 
the laws of homologous compounds, and of substitutions, the whole 
of this immense mass of formula) becomes easily intelligible, inso* 
much that with a knowledge of one such series as has just been par- 
tially exemplified, any one may construct for himself a table in- 
cludmg all, which, however, if printed at full length, even in the 
abbreviated shape of formulae, would fill a volume. And all thia 
refers only to the compounds connected with, or derived from, one 
series of radicals, that of methyle and ethyle. Nature, however, 
uses not only these, but many others, as yet less known to us, to 
produce her organised products. We trust that the study of this 
section will enable the student to grasp the principle, and to see his 
way through the seeming chaos ot organic chemistry. 

Of those radicals which do not belong to the series of ethyle and 
methyle (the best known), those most interesting are pbenyle, 
On H|, and its homologues, with some of their derivatives. As 
these may all be derived from the oil of tar, we have described 
them and their derivatives under that head. We shall then see 
that these radicals agree with those of the methyle series in re- 
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placing hydrogen in ammonia, and in giving rise to a large num- 
ber of bases and other interesting products. 

Before quitting the subject of the radicals of the methyle and 
ethyle series, C. H. + i, and their derivatives, it must be mentioned 
that different views have been taken of these compounds besides 
that here adopted. Some consider alcohol and ether to be com- 
pounds of C4 JS4, or ethylene, with water ; but this view is now 
generally abandoned. But the views taken by Eolbe, and those of 
Williamson, must be noticed. Kolbe admits the existence of the 
methyle series of radicals, but not that of the derived add radicals 
of the formyle series, C„ H, — |. According to him, the acids of 
the formic series are coupled oxalic acids, the copula being in each 
case a radical of the methyle series. The following table exhibits 
together the view already adopted in this work, and that of Kolbe, 
for the first six acids of the series, (0^ B^) 1 O4 : 

Kolb*. 

Fonnlcadd C, H, 0„ H O = H, C,0„HO = C, H, O4 

Aeetioacid C4 H„ 0„HO = C, H„ C,0„H0 = C4 H4 O4 

Propylioacid C. H«, 0„H0 = 04 H,, C,0„HO = C, H, O4 

ButyrioMid C. Hr, 0„HO = C, H„ C,0„HO = C, H, O4 

Vilerianic acid ...C,oH„ 0„HO = C« H», C, 0„ H = C„ H,o O4 

GH»roio acid C„ Hu, 0„ H O = C,o H,„ C, O,, H = C„ H„ O4 

It will be seen that in the first column the acid radicals formyle, 
acetyle, propionyle, butyryle, valeryle, and caproyle, are supposed to 
be united to 3 eqs. of oxygen and 1 of water ; while in the second, 
hydrated oxalic acid, C| 0„ H O, is supposed to be coupled, first 
with hydroeen, and then with the homologues of hydrogen, the 
basic radicals methyle, ethyle, propyle, butyle, and amyle. It is 
evident that either view sufficiently accounts for the great analogy 
of these acids among each other, and that the latter perhaps ac- 
counts better for the fact that the ammonia salts of these radicals 
yield the cyanides of the basic radicals they are supposed to con- 
tain. Thus acetate of ammonia yields cyanide of methyle, propy- 
late of ammonia, cyanide of ethyle, <&c On the whole, it is mti- 
possible as yet to give to the one view a decided preference over 
the other; and it will be seen that Kolbe's view may easily be ap- 
plied to all compounds supposed, on the other theory, to contain 
formyle, acetyle, and the radicals of that series. Kolbe has, indeed, 
with much ingenuity, extended it to all these and many analogous 
products, such as aldehyde, including those of substitution, chloral, 
chloracetic acid, and the chlorinised ethers generally. But our 
limited space forbids us to enter into these details, and we therefore 
stop, recommending to the student to bear in mind^ that not only the 
doctrine of compound radicals, but also that of coupled compounds, 
probably, has a great share in the production of organic bodies. 

Williamson follows Berzelius in not regarding alcohol as the 
hydrated oxide of ethyle, C4 H, 0, H O = C4 II« 0|, but as having 
only half this atomic weight. Of H| O ; and in consequence of some 
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veay remarkable discoveries of his own, he finds it necessary to halve 
the equivalent of hydrogen, and to write the formula of water Hj O, 
and that of alcohol, C| H^ O. He supposes alcohol to be water, in which 
one-half of the hydrogen is replaced by the body C| H, (which, with 
the double or usual equivalent of hydrogen, would be Cf Hi^, hence the 

reason for halving the eq. of hydrogen), thus : water g r O ; alcohol 

Q^ CT f 0. According to this view, ether is water in which both 

the eqs. of hydrogen (that is, all the hydrogen) have been replaced 

by C,H,; water glO; ether § §| [o = C4 H,o O (=, in 

the ordinary form, C4 Hf O). 

We have already explained that if, without altering the atomic 

TT ) O 

weight of hydrogen, we represent water thus ^ g^ r q i alcohol 

will ^ c H !" O' *°^ ®^^®^ C^ H* f O* "^^ amounts, as will 
be perceived, to the same thing as Williamson's view, and it must 
be borne in mind, that many other fiicts render it probable that the 
true formula for water is a double one, or that the molecule of water, 
which is the most frequent type of organic compounds, contains 2 at. 
of hydrogen and 2 of oxygen. 

The strongest arguments for this view are derived from the (act| 
observed by Williamson, that alcohol is converted into ether by the 
action of iodide of ethyle dn a solution of potash in alcohol. Accord- 
ing to the usual view, this change would be thus represented : C4 H| 
0,K O 4- C4 H, I = K I + 2 (C4 H4 0),the potash being supposed 
to have replaced the water of alcohol. Williamson supposes one- 
sixth of the hydrogen in alcohol to have been replaced by potassium, 

thus : C, H« O + K = H O + C, ^* I O (halving the eq. of 

potassium). Then this compound, acted on by iodide of ethylei 
which he makes C| H| I (halving the eq. of iodine also), yields ether 

with it, thus: C, ^* I O -h C, H, I = K I + ^ g' I O. To 

decide between the two theories, Williamson tried to replace one of 
the eqs. of hydrogen by methyle. If the ordinary view were rights 
he should have obtained a mixture of oxide of eUiyle and oxide of 
methyle, by causing iodide of methyle to act on the potash com- 
pound of ether, C4 H. O, K O -f C, H, I = K I + C4 H, O + 
C| H| O (using the ordinary equivalents) ; but instead of this, he 
obtained a new alcohol, C| Hg O. This ne explains as follows. In 

his notation, iodide of methyle is C H| I. Hence ^1 v^' f O + C 
H, I = K I + ^" 5* I O. This ktter body, C, H, O, in oidi- 
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nary notation, C, H4 O or Cj Hg Oj, is a very remarkable new alco- 
hol, and Williamson lias obtained others of the same class, which, 
however, as well as the first, have not yet been fully described. 
These remarkable researches will probably hereafter lead to modifi- 
cations of our views on many points ; but, in the mean time, we 
shall adhere to the usual view, which, for the moment, is the best 
attainable, but which, like all theories, must in time give place to 
such as better agree with all known facts. A theory in chemistry is 
nothing more than such a view as groups together the largest num- 
ber of facts at a given time, and has no pretensions to absolute 
truth, nor to be more than a guide to the inquirer, aJid an aid to his 
memory. 

ACTION OF HTPONITROUS ACID ON ARTIFICIAL BASES. 

It is necessary here to notice the remarkable change produced on 
compounds of the class of organic bases, and on others aerived from 
ammonia, such as amides, &c^ by hyponitrous acid. The reaction 
is attended by the formation of water, of free nitrogen, and of an 
oxidised product. We have mentioned some examples of it inci- 
dentally, as that of the conversion of alanine into lactic acid ; but 
this peculiar method of oxidation seems destined very much to ex- 
tend our power of artificially producing or reproducing organic bodies. 
Piria has shown that oxamide, succinamide, butyramide, and aspamr 
mide or malamide, are thus converted into oxalic, succinic, butyric, 
and malic acids. Let N He X be = any amide. Then N H| X -f- 
N 0| = 2 H O 4- Ni -f- X O. And in the case of oxamide we 
have N H„ C, O, + N O, = 2 H O + N, + C, O,. Strecker 
has found that hippuric acid, glycocine, alanine, and leucine, are 
thus converted into the acids 0,8 Hg O,, C4 H4 Og, Cg H^ H^^ and On 
H|| Of. Now, it is important to know what is the result of the 
action of hyponitrous acid on the bases. Hunt found that analine, 
when its hydrochlorate is warmed with hyponi trite of silver, yields 
chloride of silver, nitrogen, and hydrated oxide of phenyle exactly 
as might be expected. 0„ H, N, H CI + Ag O, N O, r= Ag 01 
-h N, 4. 0„ H4 O, H O -f 2 H O. Now this compound bears to 
aniline the same relation as alcohol does to ethylamine, and it was 
therefore to be expected that ethylamine with N O, would yield 
alcohol O4 H; + N N 0, = H O + N. = O4 H, O, H O. But 
Hofmann has found the reaction to be somewhat different ; 2 eqs. 
of N 0| act on 1 eq. of ethylamine, and give rise to hyponitrite of 
oxide of ethyle, O4 H, N + 2 N 0, = (O4 H. 0,N0,) -f N, + 2 
H O. Here, then, we have formed from the base, not the hydrated 
oxide, but the anhydrous oxide of the radical ethyle, which has com- 
bined with the second eq. of N O,. But from the hyponitrite the alco- 
hol or hydrated oxide may be obtained, by the action of snlphohvdrate 
of potassium, (O4 H, O, N O,) -f 6 (K S, H 8) = (C4 H. O, Hb) -h 
NH, + 2HO-f6KS,. Hence it will be possible, if we can 
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obtain any base, the alcohol of which is unknown, to obtain the 
alcohol as above. - Hofmann has done so with amylamine and pro- 
pylamine, as well as ethyl amine, or has shown that it may be done, 
although he has not yet described the propylic alcohol. But there 
can now be no doubt, that if we could obtain propylamine, butylap 
mine, caprotylamine, or any of the bases of that series, in consider- 
able quantity, as we may one day be able to do, from the oil of tar 
or animal oil, we shall then be able to obtain the hyponitrites, and 
from these the hydrates of the oxides, €« H, O, Q H9 O, 0|« Hn O, 
&c ; that is., this propylic, butylic, and caprotylic alcohols. In 

feneral, the action of nyponitrous acid on all thie known artifidal 
ases should be carefully studied. 

Propyle. 0^ H7. Pro. This radical is homologous with the 
radical inethyle. It is found when butyric add is decomposed by 
the voltaic battery. 

There is an oxide of propyle^ or Propylic Eiher^ €« Hr O. 

The Hydrated Oxide of FropyU is an alcohol. G» H, O, H O 
=: Pr O, H O. It resembles common alcohol in its chemical rela* 
tions. The radical propyle combines with the homologous chlorine, 
iodine, bromine, cyanogen, and sulphur. These compounds are anal- 
ogous to those of ethyk. 

Propylamine is a volatile base homologous with ammonia and 
methylamine. 

PropionyU is a radical homologous with acetyle, but has not yei 
been isolated. Its compounds are homologous with those of acetyle. 

Propional is the alcohol of propionyle, G|HfO, HO=:QH«0| 
sss Pro O, H O. It is a volatile oily liquid, having the characters 
of an aldehyde, and jrielding propylic acid by oxidation. 

Hydrated Propylic Acid, 4 H, O,, H O = Cj He O4 = Pro O,, 
H O, possesses oily properties, and is the next above acetic acid in 
the series of volatile acids. 

PropioMy C| H4 O or C,o H| 0| , is homologous with actone. It 
is a fragrant oily volatile liquid. 

Pf^opylamidCy Q H| 0|, I^ H|, is analogous to acetamide. It ia 
formed when ammonia acts on propylate of oxide of ethvle. When 
heated with anhydrous phosphoric acid, it yields propionitryle, which 
IB cyanide of ethyle. 

Gerhardt has proposed to name the electro-positive radicals of the 
methylic series, standing above ethyle in the list, in a way whidi 
indicates their place in the series. Thus, he names propyle, trityle^ 
as being the third member of the series; butyle, the fourth, will be 
tetryle ; amyle, the fifth, will be pentyle, and so on. It is not un- 
likely that this nomenclature may be adopted for these radicak^ 
while those of the formylic series shall retain names derived frx>m 
the acids in which they are supposed to exist 

It will be observed, that all the compounds of propyle, Cg H^^ 
and of its derived radical, propionyle, Ce n^ , which, so far as knowQi 



461 

have been briefly described in the preceding pages, correspond per- 
fectly to those oif methyle and ethyle, and of their derivatives, for* 
myle and aoetyle. And it cannot be doubted, that ws shall m time 
discover for every compound of methyle or of formyle, a corres- 
ponding one of propyle and propionyle, as we have of ethyle and 
acetyle. The properties of these compounds may even now be con- 
fidently predicted to a great extent Thus we shall have a zinco- 
propyle, a stibiopropyle, <&c., with properties closely resembling 
those of the ethyle compounds. 

Before quitting this subject, it may here be mentioned, that oil 
of garlic, Cg Hs S, and oil of mustard, €« Uf C, N S|, contain a rad- 
ical allyUy Ce Hi , isomeric with propionyle, but not identical with 
it. At least the oxide of allyle, which is known, does not possess 
the properties which we should expect to find in oxide of profMo- 
nyle. It is probable that allyle and propionyle may prove to be 
isomeric only. 

ButyU. Cg H« Bu. — ^This radical, discovered by Eolbci is ob- 
tained among the products of the decomposition, by the galvanic 
onirenti of valerianic or valeric acid, C,o H|o O4 , thus : C,o n,o O4 
sr:CH,-f-2C0|-hH. Itisa colorless transparent liquid, of an 
agreeable ethereal smell, and a taste at first slight, afterwards burn- 
ing. It is insoluble in water, soluble in alcohol and ether. It boils 
at 226° F., is inflammable, and burns with a luminous but smoky 
flame. Its density in the liquid state, at 64®, is 0*694 ; that of its 
vapor is 4*053. 

There is a chloride and cyanide of butyle, Bu CI and Bu Cy. 

BuiylamifUy Ca Hn N, is an oxide base, and is isomeric with tiie 
amide bases diethylamine and methylopropylamine. 

The radical Btitryryle^ C, H, , has not been isolated. There is a 
hydride of this radical, Cg H7, H, which is likewise termed bufy- 
lene and tetrylene. It is homologous with defiant gas. 

The ButyraU of Oxide of EthyU, C4 H, O, C, H; 0„ is one of the 
firagrant ethers resembling the pineapple, melon, and strawberry. It 
IS butyric acid, combined with the oxide of ethyle. 

The radicals containing C|f form a number of interesting com- 
pounds. With Amyhf the oxide of that radical, the hydratea osnde^ 
the sulphanylic acidy the carbonide of oxide ofamyle; and also, with 
nitrogen, strong bases, which will be found under the head of organic 
bases. 

The radicals containing On form likewise an interesting series of 
oompounds, many of which will be found in their places in this 
volume. 

The radical Caprotyle, Cn H|„ gives rise to the oxide and hydrated 
oxide of that radical There is obtained all the compounds of this 
radical belonging to the other radicals, as the cyanide, &c. It is 
homologous with formyle. 
,. There is a radical with di, termed HepiyU or (EnanikyU^tl^ 
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tboBgli not jet isolated. The radicals with Cie are Octyle, 0^% H,., and 
CapryUy C,e Hi^, and correspond to methyle and formyle. 

The radicals with Cis are termed Nonyle^ 0^ H19, and Pelorpyle, 
On H,7. 

The radicals containing C|o is termed CapryU or Rutyle^ 0^ H,,. 

The radicals containing On are CetyUy On Hu, and PalmityUf C^ 
H||. 

The radicals with C,| are only known as containing C^ Hn. Those 
of C|4 H|f are yet unknown. 

The radicals with C^ are known, as €« Hu, but those containing 
€^ H|7 are not yet known. 

These radicals all form interesting compounds, some of which are 
of late discovery, and are of great importance, both in a scientific 
and practical view. As the carbon of these compounds increases 
they assume the appearance of oils, until finally, with the still great- 
er increase of carbon, they become hard, or fatty and waxy. 

Preparation of Meihylie Alcohol. — Kane's process for the prep- 
aration of methylic alcohol, by saturating crude wood-spirit with 
chloride of calcium and distilling with water, yields but a smaU 
quantity of the pure product, in most cases not more than 2 or 8 
oc from a gallon of the crude wood-spirit. A much better result is 
obtained by first treating the crude spirit with a caustic alcali 
When crude wood-spirit is mixed with an eaual volume of a strong 
solution of caustic potash or soda, a tolerably strong action takes 
place, accompanied by a rise of temperature and formation of a ho- 
mogeneous solution, which, when distilled, yields a distillate con- 
taining a considerable Quantity of methylic alcohol, and a residue 
consisting of acetate of potash or soda, with a small quantity of 
resinous matter. On desiccating the distillate with carbonate of 
potash, saturating with dry chloride of calcium, and distilling at 
100° to remove oils and acetone, then decomposing the compound 
of methylic alcohol and chloride of calcium by water in the usual 
manner, and dehydrating the distillate with quick-lime, a quantity 
of pure methylic alcohol is obtained, very much larger than that 
which can be procured without the use of caustic alcaB. 

The liquid distilled from the methylated chloride of calcium was 
treated with a solution of caustic potash, which separated some 
oils, mixed with acetone and a small quantity of metnyKc alcohol. 
In the first treatment by caustic alcali, the oils and acetone had 
been held in solution by the greater quantity of methyl-alcohol then 
present The potash-solution was distilled, and the distillate, after 
desiccation, separated by chloride of calcium into methyl-alcohol 
and acetone, the latter being soluble in water, from which it was 
again separated by chloride of calcium or potash. The oils and 
acetone were separated by mixing with water, which dissolved the 
acetone, the oils separating out and floating on the surface. The 
•oetone was precipitated from its aqueous solution by potash, and 
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thereby separated from a small quantity of methylic alcohol which 
had dissolved in it 

It appears from the preceding, that methylic alcohol and acetic 
acid are the principal substances contained in crude wood-spirit, aoe- 
tone and oils being also present in comparatively small quantitiea. 
(Gould.) 

Penta-iodide of Tetramethylium. ^C, Hj) 4 N, I,. — An alcoholic 
solution of iodine added to a heated solution of proto-iodide of tetra- 
methylium, throws down the penta-iodide in an abundant crop of 
needles, having a metallic lustre. 

Wtltsleo. 

80 48 6-82 6-89 

N 14 1-99 

leH 12 1-70 1-90 

51 680 89-49 89*06 88*82 



CtNHuI« 704 .... 100*00 

This compound is decomposed by boiling with water, yielding a 
yellow liquid, from which white, opaque, well-formed crystals of 
proto-iodide of tetramethylium, Cg N Hn I, separate ; and on the 
other hand, still higher iodides are probably formed. The crystals 
of the proto-iodide yielded by analysis 23*72 p. c. C, 6*28 H, and 
61*38 I; the formula requiring 24 p. c. C, 6 H, and 63 L 
(Weltzien.) 

Deca-iodide of Tetramethylium, (C| Hs) 4 N, I,o. — On adding 
iodine to a boiling solution of the penta-icxlide in dilute alcobo^ 
there was formed at the bottom of the boiling liquid, a melted mast, 
which crystallised on cooling, and gave off iodine-vapors when ex* 
posed to the fur. 
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The compound ammoniums containing 4 At. Me, Ae, ^c, whose 
compounds are not volatile, and whose hydrated oxides bear a close 
resemblance to potash, appear to be the only ones capable of form- 
ing these periodides. The solution of iodine in iodide of potassium 
may, perhaps, contain similar periodides of potassium. (Weltzieni 
Am, Pharm. 91, 41.) 

Action of Chlorine on Sulphocyanide of Methyle, — Dry chlorine 
attacks sulphocyanide of methyle in the cold, even under the influ- 
ence of mere .diffused daylight ; but the action soon comes to an 
end. The product is a liquid having a faint yellow color, together 
with very beautiful colorless crystals of eolid chloride of cyanogen. 
V the vessel be then exposed to direct sunshine, the quantity of 
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these crystals contiDoally increases, and a very mobile liquid (a) is 
finally obtained, having a fine red color arising from chloride of 9ulr 
Tphwr^ and containing a large quantity of crystals. This liquid be- 
gins to boil at 70®, but the last portions do not pass over below 
200^. If the portion which distils over below 85® or 86® be shaken 
up with potash-ley, till the chloride of sulphur is completely decom- 
posed, and the remaining liquid dried over fused chloride of cal- 
dum and distilled, a colorless aromatic distillate is obtained which 
boils at 80®, and exhibits the composition of bichloride of carUm 
C| CI4 (analysis : 7*99 p. c. C and 92*3 CI). This compound ap- 
pears to be a constant product of the action of chlorine on the sul- 
phuretted compounds of the methyle series (pp. 600® — 604®). The 
portion of the liquid (a) which passes over between 140® and 170% 
shaken up with potasn-ley, washed with pure water, then dried and 
carefully distilled, yields a very mobile amber-colored liquid, which 
boils between 160® and 160®, and exhibits the composition and 
pnwerties of perchlorinated methylic sulphide, C| Cl| S. — {The for- 
mation of these several products may be represented by the follow- 
ing equation : 

«(OtH„CN 80 + 54 Cl=2C«N,CIs + 9aS + 8CCl«+8C,CIa8 + 18 HO.] 

(A. Riche, N. Ann, Chim. Phys. 43, 295.) 

Formation of Alcohol from Olefiant Gas. — A large glass globe, 
capable of holding 81 or 32 litres, was exhausted of air and filled 
with olefiant gas ; 900 i^nmies of pure and boiled sulphuric acid, 
poured into it in severalseparate portions ; then a few kilogrammes 
of mercury ; and the whole submitted to violent and lung-continued 
agitation : the gsA was then gradually absorbed. After frequent 
agitations, the absorption became too slow, and the operation was 
discontinued; the quantity thus absorbed amounted to 30 litres. 
The acid was then mixed with 6 or 6 times its volume of distilled 
water ; and, after repeated distillation, and subsequent separation by 
means of carbonate of potash, 52 grammes ot hydrated alcohol 
were obtained, containing 46 grammes of absolute alcohol. This 
weight corresponds to f of the olefiant gas absorbed, the rest was 
lost in the several manipulations. 

The alcohol thus obtained exhibited all the characters of ordinary 
alcohol, having a spirituous taste and odor, distilling without resi- 
due at 79® to 81®, yielding olefiant gas, when heated with oil of 
vitriol, and acetic ether when heated with a mixture of acetic and 
iulphuric acids. 

To obtain further confirmation of the result, olefiant gas obtained 
by the action of hydrochloric acid and mercury on iodide of 
ethylene (C4 H4 1, -f 4 Ilg = C4 H4 -f 2 Hg , I), was absorbed by oil 
of vitriol, and the liquid saturated with carbonate of baryta or lime ; 
in this manner the sulphovinates of baryta and lime were obtained. 
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The baryta-salt distilled with an acetate of soda, jrielded aoetiQ 
ether; with butyrate of potash, butyric ether; and with benzoaU 
of potash, benzoic ether. This last product boiled at 210°, and 
when treated with potash, was resolved into benzoic acid and 
alcohol. 

Lastly, to show that the same results may be obtained with 
olefiant gas not originally derived from alcohol, coal-gas was sub- 
jected to the action of iodine, and the resulting iodide of ethylene 
decomposed by heating it with potash. The pure olefiant gas thus 
obtained was absorbed by sulphuric acid as before, and by the series 
of operations just described, benzoic ether was obtained, which, 
when distilled with potash, yielded benzoic acid and alcohol. 
(Berthelot, N. Ann. (Aim. Phys. 48, 385.) 

Preparation of Chloride of Ethylene. — A tubulated retort is half 
filled with a mixture of 2 pts. peroxide of manganese, 3 pts. com* 
mon salt, 4 pts. water, and 5 pts. oil of vitriol, and loosely con- 
iftcted with a flask, to serve as a receiver. Olefiant gas is theri 
passed into the mixture by means of a tube passing through th^ 
cork of the tubulure and dipping half an inch below the surface of 
the liquid. So long as the gas is passing through the mixture, the 
retort must be only very gently heated, — as by placing a single red- 
hot coal under it — and the resulting chloride of ethylene afterwards 
distilled off at a higher temperature. If this precaution be attended 
to, the operator will not be annoyed by escape of chlorine. Coalr 
gas, if at hand, may be used as the source of the ethylene ; if not, 
the gas may be prepared from alcohol by Wdhler^s method. 
The crude product thus obtained in an hour and a half from 
2 ounces of alcohol, yielded 1 ounce of pure chloride of ethyr 
lene. (H. Limpricht, Ann. Pharm. 94, 243 ; Chem. Soc. Qu. J. 8, 
15y 

The Compound Ethers. — Cahours and Hofmann, by treating 

iodide of acryle with various silver-salts, have obtained a number ^ 

acryle-salts or compound ethers, and in particular the oxalate of 

acryle, a liquid which is decomposed by ammonia in a similar 

manner to oxalate of ethyle, yielding oxamide and Acrylk 

C H ) 
alcohol, Ce Hg Of, or ' tt* f ^t » ^^^ ^^^^ ^^ & large number of 

derivatives have been formed, viz., acirlic ether, sulphacrylio acid, 
xanthacrylate of potassium, &C., &c. (Compt. rend. 42, 217.) 

Berthelot and De Luca have also obtained several compound 
acrylic ethers, e. g. the butyrate, benzoate, &c., by the action of 
silver-salts on the iodide of acryle. They find, idso, that the iodide, 
when decomposed by mercuric oxide, yields acrylic ether C4H1O; 
treated with potash dissolved in vinio or amylic alcohol, it yields 

rinacrylic ether, ^ „* !• 0„ or amylacrylic ether, ^ ^ \ Ot ; and 

with potash and glycerine, it forms triacryline^ C^ H^ 0« ss 

80 
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Q j /Q ^ \ h Of. This last reaction is represented bj the equir 
tion: 

C«H«0« + 8C«HtI = CMHMO« + 6HI. 

Iodide of acirle decomposed by sodium, yields the radical aeryle 
Q H|, which IS a very volatile hquid, having a pungent odor like 
that of horse-radish. It boils at 59°. Its density is 0*684 at 14. 
Vapor-density = 2*92 (monatomic). Bams with a very bright 
flame. (Compt rend. 42, 233.) 

Propylene, — ^When a mixture of an alcaline acetate and oxalate 
is distilled in such a manner as to place the resulting acetone, 
when in the nascent state, in contact with carbonic oxide, the ace- 
tone is deoxidised, with formation of a carbonate and evolution of 
propylene. 

C«H«Ot + 2CO = 2COt + C«H«. 

The quantity of propylene obtained is, however, by no means equal 
to that which is indicated by calculation : for the decomposition of 
the two sidts is not nmultaneous, and the oily matter obaerved in 
the preparation of acetone is always produced. Ilie mode of con^ 
ducting the process is as follows : 1 At acetate of lime is added to 
1 At oxalate of potash dissolved in water, so as to form oxalate of 
lime and acetate of potash ; the liquid evaporated and constantly 
stirred, so as to obtain an intimate mixture ; and the mass, when 
dried as completely as possible, put into a retort which is heated 
over a moderate fire. Tae gas passes first into a flask filled with 
carded cotton, then into another containing oil of vitriol to absorb 
the oily matter, and is finally condensed in bromine, after beinff 
washed with water. A kilogramme of acetate of lime thus treated 
yields about 60 grms. of crude propylene. The liquid thus obtained 
IB washed with potash and distilled ; then shaken up again with an 
alcaline solution, to saturate the hydrobromic add formed during 
the distillation; after which it is dried over chloride of calcium 
and rectified. Bromide of propylene, Ce H^ Brt, forms about two- 
thirds of the product; it has the odor and the boiling point (145°) 
of the bromide of propylene obtained from amylic alcohol. 

The compound Ce Hs Br, obtained by the action of alcoholic pot- 
ash on the preceding product, heated m a tube with sulphocyanide 
of potassium, yields oil of mustard. (L. Dusart, Can^t. rtnd. 41, 
495.) 

Propylene is also found among the products of the dry distil- 
lation of butyracetate of baryta. When the ^s evolved in that 
process was passed into a mixture of hydrochloric acid and peroxide 
of manganese, and that mixture afterwards distilled, a distillate was 
obtained consisting of chlorinated substitution products of propylal 
and propione, mixed with chloride of propylene. The excess of 
chlonne waa removed by washing with water, the liquid then dried 
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over chloride of calcium and rectified. The whole of the chloride 
of propylene paaeed over below 120^, and was obtained Bufficiently 
pure for analysis when the boiling-point was between 104^ and 110 , 
and the vapor no longer excited tears, a property possessed in a high 
degree by chlorinated propylal or propione. The chloride of pro- 
pylene thus purified gave by analysis 61*86 p. c chlorine, the 
formula Q Hg Cl| requiring 62*51 p. c — 500 grnos. of butyracetate 
of baryta yielded 1 grm. of chloride of propylene. (Limpricht and 
V. Uslar, Ann. Fharm, 94, 329.) 

Formation of Propylic Alcohol from Propylene. — Oil of vitriol 
rapidly absorbs propylene gas; and on subsequently diluting the 
acid with water, filtering, and distilling, propylic alcohol is obtained 
in the form of a spirituous liquid, having a peculiar pungent odor, 
soluble in water, but precipitated firom the solution by carbonate of 
potash. In a state of concentration, but still mixed with a certain 
quantity of water, it has a density of 0*817, and begins to boil at 
81° or 82°, [the pure alcohol boils at 96®]. It mixes in all pro- 
portions with water, and forms with crystallised chloride of calr 
cium, either a homogeneous solution or two distinct strata, accord- 
ing to the proportion of the salt. Bums with a brighter flame than 
common alcohol. Heated with oil of vitriol and sand, it blackens, 
decomposes rapidly, and yields propylene-eas, mixed with about ^ 
of another combustible gas, probably hydride of propyle, Oe H|. Dia- 
tilled with oil of vitriol and butyric acid, it yields hutyrate ofpropyh^ 
Q^ H7 (Oe H7) O4, which is a neutral liquid, lighter than water, vola- 
tile below 1 30°, and having an odor like Uiat of butyric ether, but 
not so agreeable; it is decomposed at 100° by potash, yielding 
butyrate of potash and propylic alcohol. Distilled with oil of vitriol 
and acetic acid, it yields acetate of propyle, O4 H| (Oe H7) O4, which 
volatilises below 90®. 

A mixture of propylic . alcohol and oil of vitriol, gently heated, 
and then saturated with carbonate of baryta, yields sulphopropylate 
of baryta Oe H, Ba 0„ 2 S O. + 6 Aa. This salt parts with its 
water of crystallisation in vacuo. Witn benxoate of potash it jrields 
benzoate of propyle. By immediately saturating with carbonate of 
baryta the solution of propylene in sulphuric acid, two salts were 
obtained, viz., Oe H, Ba 0„ 2 S O, + 6 Aq., identical with that just 
mentioned, and Cg H, Ba O5, 2 S O, -f 2 Aq., corresponding with the 
sulphovinate. These two hydrates exhibit the same degree of sta- 
bility and behave in the same manner with various salts, both pro- 
ducing the acetate, butyrate, and benzoate of propyle. Hie com- 
pound formed with propylene and fuming oil of vitriol, does not re- 
produce these ethers. 

Propylene is likewise absorbed by hydrochloric acid. When left 
to stand at ordinary temperatures over the fuming acid, it is slowly 
taken up, and disappears after some weeks, the absorption taking 
place eiven in a seiued tube. At 100^ it ia complete in SO honn. 
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The prodnct is ft nentral liqaid, lighter thatt water, and insohible in 
that uqnid. After being purified with potash and distilled, it con- 
sists for the most part of chloride of propyle, C^ H7 CI, which vola- 
tilises at about 40**, and has the odor, taste, Mid flame of chloride 
of ethyl. (Berthelot, N. Ann. Ohim. Fhys, 43, 385; Comjti. 
tend. 40, 102.) 

BuiyU. — According to recent experiments by Wurta (N. Ann, 
Chxm. Phys. 44, 275 ; Ann, Pharm. 96, 364^, it appears that 
sodinm may be used in the preparation of butyie with greater ad- 
Tantage than potassium, because it acts less yiolently on iodide of 
butyie, and does not form so large a quantity of gaseous secondary 
products. 100 pts. of ioctide of butyie and 18 or 14 pts. of sodium 
are introduced mto a flask provided with an upright condensing 
tube kept cool by ice-water. The action begins at ordinary tens- 
peratures, and with evolution of heat, the sodium swelling up and 
gradually becoming covered with a blue crust As the action slack- 
ens, it must be accelerated bv external heat, and the liquid kept 
boiling till the blue color of tne sodium has disappeared, and the 
flask contains a white mass of iodide of sodium saturated with 
butyie. The butyie is then distilled from the flask, and the distillate 
rectified over sodium till the metal completely retains its lustre in 
the boiling Hquid, and is no longer attacked. The portion whi<^ 
in the last rectification distils over between 105^ and 108% is pure 
bu^le. 

Butyie has a denaty of 0-7067 at 0°. It boHs at 106^ Vapor- 
density = 4*070. None of the butyie compounds can be di- 
rectly prepared fiK>m it Chlorine and bromine act upon it, but 
form substitution-products. With perchloride of antimony, it yields 
hydrochloric acia and chlorinated products not yet examined. 
Pentachloride of phosphorus is decomposed by it only after Ions 
boiling, with formation of terchloride of phosphorus, chlorinated 
butyie, and hydrochloric acid. When the vapors of iodine and butyie 
are passed together over spungy platinum, heated in a tube to 300^, 
a large quantity of hydriodic acid is formed, together with a small 
quantity of an iodised oiganic substance, probably a substitutioQ- 
product Hydrochloric acid has no action upon butyie, either at 
ordinary temperatures or at a temperature near that <^ boiling oil. 
(Wurtz.) 

C H ) 
Ethylohutyh. — C„H,4=r^ „* f • Obtained by decomposing 40 

pts. of iodide of butyie and 34 pts. of iodide of ethyle with 11 pts. of 
sodium, as in the preparation of butyie. The action begins sponta- 
neously, but requires external heat to keep it up ; and the boiling 
must be continued till the sodium is converted into a white mass. 
On subsequently distilling the contents of the flask in the oil-batk, 
the thermometer remains stationary for some time between 60^ and 
tO^. The portion which passes over at below 100* mnsl be Ml- 
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lected apart (between 100° and 110° a considerable quantity of 
battle distils over), heated with sodium in a sealed glass tube, and 
redifitilled as soon as the fused sodium immersed in il retains its 
metallic lustre. The thermometer then remains nearly constant be* 
tween 60® and 65°; and by a second rectification of the portiott 
which distils over between these temperaturesy the ethylobutyle is ob* 
tigned in the pure state. 

Transparent, very mobile liquid, of sp. gr. 0*7011 at 0°. Boib 
at 62°. Yapor-dematy = 8*053. 



12 C 
14 H 



72 

14 



88*72 
16-28 



Worts. 
88*48 
16*50 



CttH 



14 



86 



100*00 99*98 



Vol. Deniitf. 

C-vspor 12 .... 4*9920 

H-gHB 14 .... 0-9702 

Vap. ofCi,H,4 2 .... 5-9622 

1 .... 2*9811 

C H-. Cm H 

Eihyl-amyU^ ^^ S* and Butyl-amyle, ^ tt** are prepared by ex- 

actly similar processes; Butyl-caproyle,^ tj" by the electrolysis of a 
mixture of valerate and oenantbylate of potash ; and MetkyUcaproyU^ 
rf n ^y ^® electrolysis of a mixture of acetate and oenantbylate 
of potaah. 



Sthyl-butyU 

Etbyl-amyle 

Methyl-caprojle f 

fiatyle 

Bvtyl-amyle 

Amyle 

Botyl-ctproyle . . . 
Oups^ffit 



Ci4 Hit : 
Ci4 Hjt : 
Cu Hit : 

CiiHn; 
CmH«i 
Cm Hh 
GmHm 



C4 H, 
C« H, 
C* H, 
Ci# Hu 
C, H, 
Cm Hit 
C, Ht 
Ct H, 
Ct H. 
C|o Hii 
, Cit Hii 
C|# Hu 
. CitHt 
Cit Hit 
; Cii Hit 
Cit Hit 



^&f: 



0-7011 
0.7069 

f 
0-7067 

o-7a^ 

o*74ia 

f 

0*7574 



Vapor-driHltj, 



8*058 
8*592 
8*426 
4070 
4*465 
4*956 
4*917 
6.988 



2*972 
8*455 
8-455 
8-989 
4-428 
4-907 
4-907 
5-874 



Bottfaf 



620 

88 

Mf 
106 
182 
158 
155 
9021 



The mode of formation of these compound radicals, and a com* 
parison of their properties with those of the simple radicals, afforda 
an additional argomeut in favor of. the theory which supposes tha 
•upple li0ic«ls| in the free st^te, ,to ibrm diatomic vaporsi rr '- — 
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C H C H 

methyle in the free state as ^^ tt'^ ethjle as q ^^ &c. In fact, on 

GompariDg the physical properties of the simple and compound 
radicals, as exhibited in the preceding table, it is plainly seen 
that they are members of the same series, and that, to establish a 
reg^olar connection between the properties of these bodies and their 
fbrmnlse, it is absolutely necessary to double the fbrmnbe of the 
ample radicals. (Wurtz.) 

Schweinfurt Green and Butyric acid, — When butyric acid is 
saturated with recently precipitated carbonate of copper, and the 
solution mixed with a solution of ai-senious acid saturated at a boil- 
ing heat, a yellowish-green amorphous precipitate is formed, which^ 
after a while, becomes crystalline, and exhibits the fine green color 
belonging to ordinary Schweinfurt green, which it also resembles 
in its other properties. (Wohler, Ann, Pharm. 94, 44.) 

BprlngmaiUL 

SCttO 120 80-2 80-6 

2AbO. 198 49*9 601 

CHrOt 79 19-9 19-4 

2(CuO,ABOa) + C«HtCaO 897 100^ 1000 

This salt differs therefore in stoichiometrical composition from the 
true Schweinfurt green, the latter containing 3 At arsenite of copper 
to 1 At acetate. 

Alloxanic add, — ^To obtain alloxantin from the mother-liouor 
which remains in the preparation of alloxan by the action of nitric 
acid upon uric acid, Schlieper recommends that the excesn d 
acid be neutralised with chalK before passing sulphuretted hydro- 
gen through the liquid, in order to present oxidising action. With 
due care not to add too much chalk, this process succeeds well 
enouffh ; but if the nitric acid be completely neutralised with chalk, 
bicarbonate of lime is formed at the same time, and rapidly conyerta 
the alloxan into alloxanic acid. 

This process may be advantageously applied to the preparation 
of alloxanic acid. If the dilute acid mother-liquor be mixed with 
excess of chalk, said alloxanate of lime immediately separates, 
partly on the surface of the liquid, partly as a precipitate, m well- 
defined crystals or crystalline crusts, wnich may be easily freed 
from admixed chalk by elutriation. It is best to add a considerable 
excess of chalk and to stir frequently ; the salt then forms and sep- 
arates out very quickly. The heavy crystals remaining after the 
elutriation may be purified by dissolving them in water, not quite 
at a boiling heat, and filtering while still hot ; the alloxanate of lime 
18 then deposited in white crusts as the liquid cools. Extremely 
beautiful crystals are often found in the scum which forms when 
the mother-liquor of alloxan is saturated with chalk, lliese crys- 
teb are perfootly transparent, glassy, oblique six-sided priMDs, bni 
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generally having two of their faces so little developed, that thej ap- 
pear like acute rhombohedrons. In dry air, they very soon give off 
a portion of their water of crystallisation, and become milk-white. 

Jiilt^JUU ery&UOt drUd over oU qf vitriol Btideler. 

C»0 28 12-50 12-59 

8C 48 21-48 21-12 

2N 28 12-60 12-72 

8H 8 8-57 8-68 

140 112 60-00 4»-«4 

GtN,HtCA0i«+5Aq 224 100-00 100H)0 

Or: 

8tid«lir. 

C»0 28 12.50 12-69 

C«NtHtO« 161 87-41 

6H0 45 2009 19-70 

C«N,HsCA0M + 5Aq 224 10000 

This is the composition which Schlieper assigns to the transparent, 
air-dried salt ; but according to Stadeler, the transparent crystals 
contain 1 At water more, their composition being C, r^, H, Ca Oio+ 
6 Aq. When dried over oil of vitriol, they give off 8*86 p. c. 
water ; calculation for 1 At requiring 4-25 p. c. When acid aJlox- 
anate of lime crystallises from a solution saturated while warm, the 
crystals are not perfectly transparent, and contain between 5 and 6 
At water ; when dried over oil of vitriol, they give off 2 to 3 p. c 
water. 

From the lime-salt, the free acid may be readily obtained as fol* 
lows : The concentrated solution, supersaturated with ammonia, is 

E'tated by carbonate of ammonia ; the liauid heated and filtered 
cold the precipitation is imperfect^ ; tne filtered solution of 
imonia-salt left for a while over oil of vitriol to remove the 
free ammonia, and then precipitated with acetate of lead ; the lead- 
salt, which is free from ammonia, suspended while yet moist, in 
alcohol, and decomposed by sulphuretted hydrogen ; and the alco- 
holic solution of alfoxanic acid evaporated at a gentle heat The 
add then remains in the form of a colorless viscid mass, which has 
a very sour taste, and gradually solidifies in the crystalline form. 
Schlieper {Ann, Pharm, 55, 259) is of opinion that the amorphous 
state is brought about by the application of too much heat during 
the evaporation ; but the observation just quoted shows that the 
acid at nrst assumes the amorphous state when the alcoholic sola- 
taon is evaporated over oil of vitriol at ordinary temperatures. (G. 
Stadeler, Asm. Pharm. 97, 120.) 
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